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LOW-COST STEAM 


While the performance of steam generating equipment 
may be judged from many standpoints, there is one that 
sums up all others and is the ultimate measure of the 
results obtained. It is the total cost—operating, main- 
tenance and fixed charges—per thousand pounds of 
steam produced. This figure will, of course, vary con- 
siderably in different plants each of which may be get- 


ting optimum results for its conditions. 


Ccmbustion Engineering installations are designed with 
as careful consideration for economics as for engineering. 
This means the selection of that equipment and the de- 
velcpment of that overall design and arrangement of 
elements which will assure the best economic results for 
the fuel and load conditions to be met. 
the resulting unit may be limited to a boiler and stoker 
with the most inexpensive furnace construction and in 


In some cases 


others it may include a completely water-cooled fur- 
nace, superheater, air heater, economizer and every 
refinement which the most modern practice affords. 
Between these extremes there are innumerable 





variations possible with respect to types of equipment, 
overall design, kind and proportions of heat absorbing 
surfaces, etc. For any given set of conditions, however, 
there is generally but one combination of equipment 
and overall design, which, all things considered, will 
assure the most satisfactory operation and the lowest- 
cost steam production, 


The buyer who wants to make certain that his new boiler 
unit is the most suitable and economical for his par- 
ticular conditicns can do so by dealing with an organi- 
zation which is qualified both by experience and a com- 
plete range of equipment to make the correct design recom- 
mendations and supply the right equipment. 


Combustion Engineering is such an organization. I' 
has had experience with every type and size of job from 
small stoker-fired h.r.t. boilers up to the largest steam 
generating units in operation. Its products include 
every established type of boiler, fuel burning, 
furnace and related equipment. C-E installations 
are invariably low-cost steam producers 
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BARTLETT-SNOW STANDARD UNITS CAN SAVE YOU TIME AND MONEY 


BARTLETT-SNOW SKIP HOISTS PROVIDE 
DEPENDABLE AUTOMATIC OPERATION 


HE FIRST fully automatic skip hoist was 
designed and installed by Bartlett-Snow engi- 
neers in 1907. Still in active service, it has pio- 
neered new fields of efficient low cost operation. 
































Today with twenty-eight years of cumulative 
refinements, Bartlett-Snow skip hoists are rec- 
ognized widely for unsurpassed dependability. 
That’s why engineers say “A Bartlett-Snow skip 
hoist ticks away the years to the rhythmic flight 
of its bucket.” 


Original cost of these skillfully designed in- 
stallations is moderate—little or no more than 
less efficient, more complicated equipment, in- 
volving higher operating charges. Automatic units 
run continuously—without manual control—un- 
til the track hopper is empty or the bunker filled. 


Three sizes—those with 30, 40 and 60 cubic 
foot buckets—capable of handling 25, 33 and 50 
tons per hour (80 foot lift) are standard—can 
be used with any height lift—require no new 
engineering— return greatest yield per dollar 
invested. Full details are contained in bulletin 
73. Send for it. 


THE C. O. BARTLETT & SNOW COMPANY 


6208 HARVARD AVENUE CLEVELAND, OHIO 


am COAL: Skip hoists, bunkers, weigh larries 
| ASHES: Ash hoppers, skip hoists, bunkers 
Complete coal and ash handling systems 


EXECUTIVES 
DESIGNERS 
CHIEF ENGINEERS 


Send for a copy of the new 
Boiler Plant Bulletin No. 73. 
44 pages complete with 44 dia- 
grams, 12 tables, 90 illustrations, 
describes the Bartlett-Snow 
method of securing less costly — 
more efficient operation. No 
obligation. Write today. 
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FDITORIAL 





A “Close Up” of the District 
Heating Situation 


In this issue appears the first of a series of three 
articles by Roger D. DeWolf on district steam heating. 
That this industry has long been regarded as a “‘step- 
child” by many of the electric utilities is apparent. Just 
why it has been so regarded is frankly told by the author 
whose intimate association for many years with both in- 
dustries enables him to express opinions based on first- 
hand information. Despite early pitfalls, involving 
heavy losses, district heating has grown and in many 
cases losses have been changed into substantial profits. 
Changing economic conditions, the public’s response to 
service and technological advances in steam generation, 
distribution and utilization now combine to offer a prom- 
ising future for district steam supply for both domestic 
and industrial use. 

We read much these days about what the Federal 
Government is doing in its attempt to extend rural elec- 
trification and to further the use of electricity in the home. 
It is equally logical that it endeavor to spread the con- 
venience of district heating among domestic consumers. 

In the succeeding articles Mr. DeWolf will show how 
full economic advantage can be taken of steam generation 
and distribution at higher pressures and temperatures, 
with accompanying higher velocities, smaller piping, 
lower radiation losses and reduced capital expenditure. 
The combination of power generation and steam supply 
with small or medium size turbines, under automatic 
control and located at load centers or on the customers 
premises, are shown to offer promising possibilities. The 
industrial supply of steam, as well as steam for heating 
will be discussed, as will be rates, fixed charges and the 
potential growth in load. 

In view of the importance and timeliness of the subject 
and the author’s standing and acquaintance in the field it 
is anticipated that the articles will be widely read. At 
the conclusion of the series, discussions will be welcomed. 


Standardizing Symbols 


Many of the larger drafting rooms have their own 
standard practices that have been developed over a 
period of years to suit their particular requirements. 
These involve a large variety of symbols, some of which 
have sound basis for existence while others have been 
adopted as expedients in the absence of something better. 
While adequately serving the purpose of individual 
manufacture, it has been found that these symbols often 
lead to confusion when a drawing is supplied to a manu- 
facturer of equipment that must function in conjunction 
with the first equipment. In an attempt to obviate this 
situation a graphical dictionary of symbols has been 
compiled by representatives of thirty national organiza- 
tions and a number of independent experts and the work 
has been adopted by the American Standards Association. 
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In any field it is difficult to introduce new standards to 
replace practices of long standing. Not only is there a 
natural inertia resisting change but the changes, while 
admittedly desirable, may be difficult to put into effect 
because of industry preferences as well as individual de- 
sire. Hence the adoption of new standards is usually a 
slow process. Nevertheless, the American Standards 
Association has accomplished much toward the elimina- 
tion of waste, the adoption of acceptable practices, the 
avoidance of confusion and the use of a common language 
in engineering terms. This latest effort is in the right 
direction. Few firms will probably find that it com- 
pletely covers their requirements and fewer still will find 
it convenient immediately to adopt it entirely. Never- 
theless its partial adoption will serve to eliminate much of 
the present confusion concerning symbols on engineering 
drawings. 


Observations 


Following the return of Chairman McNinch of the 
Federal Power Commission from a meeting in London of 
the Executive Committee of the World Power Confer- 
ence, President Roosevelt requested Congress for an 
appropriation of $75,000 to defray the expenses of a 
World Power Conference in this country next year. 
If such a meeting is held the program is likely to be 
quite different from those of former Conferences in 
which the programs sponsored by the then existing 
American Committee was marked by the absence of 
papers dealing with public ownership. What a differ- 
ence a few years will bring about. 


Now that the much discussed and bitterly fought 
utility legislation has been passed, there is likely to be 
long drawn out court action to test its constitutionality 
and then perhaps a re-arrangement of holding company 
structures within state lines to include integrated prop- 
erties. Meanwhile the load continues to grow, with a 
seasonal output already five per cent above that of 1929, 
and further growth must be anticipated despite the 
situation brought about by recent legislation. 


When the Richmond Station in Philadelphia was built 
in 1925 twelve boilers were required to provide steam for 
100,000 kw turbine capacity. In the extension just 
completed two boilers supply 165,000 kw. One wonders 
whether the next ten years will show comparable ad- 
vances in the concentration of power in large units. 


A new use has been found for dry ice. One of the 
utility companies reports its use for removing turbine 
diaphragms which could not be removed by the usual 
procedure. 
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DISTRICT STEAM HEATING—I 


This introductory article of the series 
reviews the history and many pitfalls of 
the district heating industry when steam 
was sold largely as an adjunct to building 
electrical load. Subsequently, where 
steam was sold as a service rather than a 
commodity, and at commensurate rates, 
profits replaced losses. The two succeed- 
ing articles will discuss the future pos- 
sibilities of district steam supply for both 
heating and industrial use and examine 
the economics of steam generation and dis- 
tribution at higher pressures and tempera- 
tures, also the generation of by-product 
electricity by medium size automatically 
operated turbines located at convenient 
load centers or on the premises of a large 
customer. Mr. DeWolf needs no intro- 
duction to either the steam heating or the 
electrical utility fields, in both of which he 
took a prominent part for many years. 
He was a former chairman of the Prime 
Movers Committee, N.E.L.A., has long 
been active in the National District Heat- 
ing Association, and while with the Roch- 
ester Gas & Electric Company was re- 
sponsible for much of its work in the steam 
heating field. He is therefore well quali- 
fied to discuss this subject authorita- 
tively—Editor. 


F one agrees with those who claim there is nothing 
new under the sun, the origin of district heating 
might be associated with the luxurious Roman 

suburb of Pompeii. Such an assumption may not beso far 
fetched as one might casually assume, for the Pompeians 
had about every other good thing available, and would 
certainly have appreciated and enjoyed the cleanliness 
and convenience of such a system. 

Passing lightly over a period of some eighteen hundred 
years, we come to Birdsell Holley, who, in 1877, installed 
a steam pipe wrapped in swaddling clothes with a boiler 
at one end and several residences at the other. The 
inhabitants of said residences having survived the first 
winter without the inconvenience of having to shovel 
coal in and ashes out, or wondering whether they forgot to 
put on the check before going to bed, and going down 
cellar in the long nightgown of our grandfathers to find 
out whether the flue would overheat and set fire to the 
house, it was decided that the idea had some merit and 


All rights reserved by author. 
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By ROGER D. DeWOLF 
Consulting Engineer, 
Rochester, N. Y. 


that it would be worth while to make an effort to recover 
some of the convenience and luxury of the ancient Roman 
days. So, in Lockport, New York, the infant industry 
crept slowly through the village streets, bringing warmth, 
comfort and safety to many a business building as well 
as residence. From this modest beginning, the Ameri- 
can District Steam Company developed. 

About this time, another crank appeared with a new 
kind of light which would light itself without the aid of a 
match; and slowly thereafter electricity began chasing 
itself around, turning wheels lighting lamps and being 
generally useful; and another idea came to the minds 
developing district heating. The customer wanted heat, 
light and power, but the greatest of these was heat. 

By putting a little more pressure into the steam, using 
an engine as a reducing valve, and putting in a larger 
size pipe to carry the exhaust steam to the customer, they 
were able to give the customer all three of these things; 
and so the Lockport Light, Heat and Power Company 
began its long and useful career. 

District heating and the electrical industry at Lock- 
port started out as closely bound as Siamese twins, but 
elsewhere, district heating became the silent partner of 
the electrical utility—-an unwelcome addition to the 
utility family. 

About forty years ago, the electrical utilities, in ex- 
panding their activities from the lighting and street rail- 
way field into the power field, started their battle with 
the isolated plant. The competition was severe. The 
isolated plant in the department store, office building or 
hotel supplied its owner during the winter with heat, 
with light and power largely a by-product from the 
heating steam, and with steam or high pressure water 
for operating the elevators; during the summer with 
light and power, hot water, elevator operation, etc. 
Of these essential services the electrical utility could 
supply only light and power. 

Electric rates were high, and it soon became evident 
that if the utility could do nothing more than simply 
shut down the engines and generators in the isolated 
plant, leaving the customer to carry on the rest of his 
operations as before, and sell him his electrical require- 
ments for the year from the utility system, the customer’s 
costs would go up and the utility would be unable to get 
the electric business. Something had to be done. 

It seemed quite certain that if the utility could add 
the load of the isolated plant’s generators to its own, the 
cost per unit of electrical output for the combined load 
would be much lower than for the utility’s own load only, 
and that the margin of profit in the electrical end could 
support a loss on the steam end. It was equally evident 
that unless the customer was relieved of the expense of 
running his own boilers, the advantages to be gained by 
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shutting down the isolated plant and increasing the 
utility’s electrical load could not be obtained. 

There was but one course open—to admit but not 
welcome steam heating into the utility family. It was 
done reluctantly and piecemeal. 

Assume the isolated plant’s operating costs were 
$50,000 per year; electricity from the utility would 
cost $25,000. The utility would lease the boiler plant 
for $5000 per year rental and sign a contract to operate 
and maintain it, and furnish all necessary steam for 
heating or other purposes for $17,000—a total of $47,000. 
Some of these contracts ran for twenty to thirty years, 
and by 1920 steam was being supplied under some of 
these contracts for 10 cents per thousand pounds. 

In this way the utilities in many of our cities took over 
the operation of the boiler rooms in a considerable num- 
ber of isolated plants, acquiring the electrical load and a 
headache. Putting in a pipe line connecting two or three 
boiler rooms together, permitting one or more to be 
closed down, reduced the headache somewhat. 

As these flat-rate contracts expired, the customer was 
put onto a meter rate; but when steam was sold at 20 
cents per thousand pounds under the old flat rate, the 
meter rate could not increase this too much, or the custo- 
mer would put his own plant back into operation and the 
highly desirable electrical load would be lost. So steam 
or rather condensation meter rates became more or less 
generally adopted, but they were designed primarily to re- 
tain the electrical load, rather than to make a charge 
commensurate with the cost, to say nothing of the 
value of the steam furnished. The headache was 
slightly reduced, but remained a dull, everpresent pain. 

Gradually a few of the utilities began selling steam to 
customers along their lines, other than those they had 
taken on originally for the purpose of getting electrical 
load. The rates, however, were low, and steam was 
handled as a commodity rather than as a service—so 
many tons dumped into a customer’s cellar to use as he 
saw fit, mostly ignorantly, inefficiently and wastefully. 
How far would the electrical industry have got if it had 
been handled on the same basis? 

So district heating became the black sheep of the utility 
family. I have sat in meetings of utility associations 
and listened to one utility executive after another berate 
the steam heating industry, spreading the conviction 
that it is inherently and inevitably a losing business, but 
one which, unfortunately, they must put up with. 
Much of this feeling exists even today. 

That such a feeling was not without foundation in the 
case of those companies where steam heating had been 
used solely for the purpose of acquiring electrical load, 
is shown in the following combined record of three com- 
panies for 1920: 


TABLE I 
1000 M Lb Avg. Coal, No. Operating Operating 
Sold Rate Ton Cust. Income Exp. Loss Ratio 
2026 $0.57 $5.55 192 $1,153,954 $1,560,096 $406,142 1.35 


That is, these three companies failed to pay operating 
expenses without taxes, interest or depreciation by over 
$400,000. This represents the penalty imposed upon the 
steam heating industry due to using it as a business 
getter for the electrical industry. One company that 
year sold 268,443 thousand pounds of steam under flat 
rate contracts to six customers whose individual use 
varied between 83,000,000 and 13,500,000 Ib per year, 
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for an average of 33.9 cents per thousand pounds, which 
did not even pay the coal cost as shown in Table IT. 


TABLE II—FLAT-RATE CONTRACTS 


M Lb 
per Year Revenue Avg. Rate, Cents 
83,800 $31,678.00 38 
67,643 22,374.00 33 
45,700 16,460.00 36 
42,700 11,948.00 28 
15,200 5,472.00 36 
13,400 4,150.00 31 
268,443 $92,082.00 33.9 


Coal cost, $6.50 per ton. Assumed average evaporation, 8.5 Ib. 
Coal cost per M Ib is 117.8 X 32.5 = 38.3 cents. 
The average evaporation was probably closer to 7 Ib. 


That there was some hope for the steam heating in- 
dustry, even in 1920, is shown by the record of one other 
company for the same year, selling steam to all the 
customers it could conveniently reach. This com- 
pany’s record was as shown in Table III. 


TABLE Ill 
1000 M Ib Avg. Coal, No. Operating Operating 
Sold Rate Ton Cust. Income xp. Net Ratio 
1905 $0.82 $6.69 2058 $1,568,102 $1,488,532 $79,570 0.95 


It is interesting to note that for the three companies 
selling steam primarily for the purpose of getting the 
electrical load, the average use per customer was 10,550 
thousand pounds, while for the single company it was 928 
thousand pounds. 

With the utilities entering the steam heating business 
in this way, placing practically all the emphasis on the 
acquisition of electrical load, with a vague hope that the 
losses on the steam heating would not be too heavy, little 
if any real salesmanship went into the sale of steam, 
resulting in the establishment of a low basis of value 
which for many years provided the standard on which 
rate systems were built up. 

Independent companies, formed for the purpose of dis- 
trict heating during this period, were influenced in their 
rate structure by the standards set up by the utilities, 
while many of them sold steam at a flat rate per year 
which was not allowed to exceed the prospective custo- 
mer’s coal bill of the preceding year. Some such plants 
were poorly designed, poorly constructed—in fact, they 
were sometimes just promotional stock selling schemes, | 
doomed to failure from this cause alone; some gener- 
ated by-product electricity, became quite successful, 
and were bought up by the utilities. 

The field of residence heating was entered, generally 
unsuccessfully, on account of the low density of business, 
the fact that the flat rates charged were made lower 
than the customer’s own coal bill, heavy line losses and 
leaks, etc. The industry lacked the vision of the oil 
salesman who, ten to fifteen years later, sold expensive 
oil furnaces and high priced oil to residential users on 
the basis of its convenience, cleanliness and automatic 
features. 


Growth of the Industry 


There are no data available for the industry as a whole. 
In 1922 the National District Heating Association began 
reporting on the majority of the companies belonging 
to the Association, but the number of companies as well 
as the identity of the individual companies varied from 
year to year. 

The N.D.H.A. reports show 32,399,366 thousand 
pounds of steam sold in 1930 by 44 companies. One 
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Fig. 1—Yearly sales for Groups 1, 2 and 3 


Group’4, not shown, varies between 2954 million for 1922, 3198 million for 
1929 and 2931 million for 1932 


company alone, the New York Steam Company, sold 
almost one-third of this. The sales of this company 
grew from approximately three billion pounds in 1922 
to ten billion pounds in 1930. 

Omitting the New York Steam Company from the 
1930 sales, N.D.H.A. reports show that 43 companies 
sold 12,361 million pounds in 1922 and 22,415 million 
pounds in 1930—an increase of 81 per cent in 8 years, 


TABLE IV 

Yearly Sales in 1000 M Lb of Steam for 17 Companies 
Year Co. No.1 No.2 No.3 No.4 No.6 No.7 No.8 No.9 
1922 3,000.0 1,730. 846.8 538.5 601.7 652.1 497.7 784.6 
1923 3,600.0 1,856.7 950.0 607.6 830.0 730.6 574.6 750.0 
1924 3,900.0 1,986.3 1,060.0 677.9 831.6 800.0 673.4 752.0 
1925 4,400.0 2,048.3 1,176.0 692.8 941.2 870.2 687.6 770.3 
1926 5,500.0 2,323.0 1,328.3 807.0 1,000.0 980.0 738.1 780.0 
1927 6,304.0 2,128.5 1,268.1 900.0 1,070.8 1,088.0 675.8 802.7 
1928 7,547.2 2,455.1 1,385.9 1,128.0 1,240.3 1,196.6 785.5 764.5 
1929 8,590.8 2,834.7 1,340.7 1,309.2 1,310.9 1,195.2 802.5 828.3 
930 9,984.9 2,578.9 1,452.7 1,339.8 1,349.2 1,084.7 918.7 835.1 
31 10,146.4 2,129.6 1,283.7 1,238.5 1,031.6 1,023.7 800.7 772.6 
1932 11,146.1 2,124.5 1,377.0 1,255.9 1,086.8 963.8 914.4 752.5 
No. 10 No. 11 No. 12 No. 15 No. 20 No. 21 No. 24 No. 32 No. 39 
1922 852.7 190.1 469.7 359.6 244.1 276.6 210.4 106.3 87.0 
1923 891.0 207.0 444.3 394.9 218.3 260.0 199.0 137.2 96.7 
1924 904.6 213.7 487.3 401.3 230.0 253.1 201.3 152.8 117.0 
1925 855.3 175.7 446.2 425.1 242.5 240.2 186.0 166.3 108.1 
1926 790.8 225.5 455.0 477.5 296.9 246.7 191.8 189.9 129.8 
1927 728.0 228.7 557.0 476.3 235.1 279.3 198.4 144.4 113.5 
1928 720.7 262.5 464.4 464.4 270.0 295.0 202.4 202.4 121.6 
1929 757.3 437.9 567.6 505.7 299.3 327.2 212.0 193.0 172.3 
1930 794.1 492.6 556.6 464.9 328.8 309.4 219.5 182.4 144.3 
1931 669.1 545.4 503.0 398.3 285.9 269.5 227.8 158.5 123.3 
1932 752.8 710.0 488.5 423.5 323.7 284.0 230.0 155.1 160.9 


Yearly Total Sales in 1000 M Lb for Groups Nos. 1, 2, 3 and 4 


Year Group 1 Group 2 Group 3 Group 4 
1922 3,000.0 8,447.9 5,494.3 2,953.6 
1923 3,600.0 9,147.9 6,208.7 2,939.2 
1924 3,900.0 9,742.3 6,742.7 2,999.6 
1925 4,400.0 10,031.8 7,108.7 2,923.1 
1926 5,500.0 10,960.3 8,018.5 2,941.8 
1927 6,304.0 10,894.6 7,852.9 3,041.7 
1928 7,547.2 11,959.3 9,047.9 2,911.4 
1929 8,590.8 13,093.8 9,895.7 3,198.1 
1930 984.9 13,051.7 9,872.1 3,179.6 
1931 10,146.4 11,461.2 8,620.9 2,840.3 
1932 11,146.1 12,003.4 9,072.1 2,931.3 


or a compound rate of growth of approximately 8 per 
cent. Of the 43 companies originally reporting in 1922, 
only 17 reported under their original names in 1930, but 
many of the original companies had either been ab- 
sorbed by other companies or had changed their names, 
and I believe the data are fairly accurate. 

Table IV gives data on 17 companies which reported 
practically each year from 1922 to 1932, inclusive. 
This list includes some companies that were aggressively 
expanding their business; some that were distributing 
steam in a limited area where the saturation point had 
been reached, and where the company was opposed to 
expanding beyond this area; and some that were en- 
deavoring to reduce their sales in order to reduce their 
losses. These are factors which have to be taken into 
consideration in an analysis of the mass figures pub- 
lished on district heating. One can hardly expect to 
see encouraging results in a business whose operators 
feel that the growth of the business means simply in- 
creased losses. It is equally true that including the 
figures for one overwhelmingly large and aggressively 
managed company distorts the results for the other 
companies. I therefore have shown the yearly totals 
for four groups of companies: 


Group No. 1—Company No. 1 
“No. 2—16 companies, Nos. 2, 3, 4, 6, 7, 8, 9, 10, 
11, 12, 15, 20, 21, 24, 32, 39 
““ No. 3—10 companies, Nos. 2, 3, 4, 6, 7, 8, 11, 20, 
32, 39 
“No. 6—6 companies, Nos. 9, 10, 12, 15, 21, 24. 


Table V shows the percentage of growth for the ten- 
year period, 1922 to 1932, which includes the depression 
years, and also for the eight-year period, 1922 to 1930, 
where the results are not distorted by depression condi- 


tions. Fig. 1 shows these figures in graphic form. 
TABLE V 

Per Cent Growth in Sales for Groups 1, 2, 3 and 4 
10—for 10-yr period, 1922 to 1932 
s—“ 8s * «1922 “ 1930 

Year 

Period Group 1 Group 2 Group 3 Group 4 

10 271 percent 42 per cent 65 per cent loss 
8 232 percent 55 per cent 80 per cent 8 per cent 


Note the wide range in the size of the companies 
included in Group 3, varying from sales in 1930 of 2600 
million pounds down to 144 million pounds. Also, 
note that from 1922 to 1929 or 1930 the following com- 
panies practically doubled their sales or better: Nos. 
1, 4, 6, 7, 8, 11 and 39. 


Effect of the Depression 


District heating suffered less during the depression 
than either the electrical utility or artificial gas. Table 
IV shows that companies Nos. 1 and 11 increased their 
sales right through the depression period. In fact, two 
of the more aggressively managed companies spent 
several million dollars in 1930-31 and ’32 extending their 
distribution systems and enlarging their plant facilities, 
in the belief that district heating offers an attractive field 
for development. 

A comparison of the sales for 1929-30-31 and ’32 for 
Groups 3 and 4, Table VI, gives the following percentage 
relations: 
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TABLE VI 
Sales Changes 1929-30-31-32 


Per Cent Change from 


Previous Year Group 3 
0.24 per cent loss 
12.6 per cent x 


5.0 per cent gain 


Group 4 
0.56 per cent loss 
10.7 percent ‘“ 
3.1 per cent gain 


1929 to 1930 
1930 to 1931 
1931 to 1932 


The N.D.H.A. reports give the following comparisons 
of identical companies reporting in consecutive years: 


TABLE VII 
No. No. 
Com- Com- 
panies panies 
Report- Report- 
ing Years Change ing Years Change 
33 ’28to’'29 Gain1l4percent 43 ’31to’32 Gain 7.3 per cent 
42 ’29to’30 Gain3.8percent 38 ‘°32to’33 Loss 3.0 per cent 
43 ’'30to’31 Loss 7.0 per cent 
Rate Systems 


Prior to 1920 many companies were selling steam on 
a flat-rate basis of a fixed price for the heating season or a 
flat rate per square foot of radiator surface or cubic feet 
of space. This system proved to be no more successful 
in the sale of steam than it had been in the sale of water 
or the sale of electricity for lighting. 

Handicapped in the early years by lack of satis- 
factory metering equipment, efforts to develop such 
equipment had resulted by 1920 in the production of 
fairly satisfactory condensation and steam flow meters. 
The change from the old flat rates to meter rates then 
began to develop quite rapidly. With meters, operating 
companies knew what they were doing and could cor- 
rect some of the errors of the past. 

The price basis established under the flat rates pre- 
viously used, made it very difficult to put into effect 
meter rate systems designed to give a satisfactory re- 
turn; but about 1920 some of the more aggressive com- 
panies decided to increase their rates, even though they 
might lose a considerable portion of their load. 

In 1920, data available show that four companies 
sold approximately four billion pounds of steam at an 
average rate of 69 cents per thousand pounds, with an 
operating ratio of 1.12, and an operating loss of more than 
$300,000. Three of these companies sold approxi- 
mately two billion pounds at an average rate of 57 cents, 
an operating ratio of 1.35 and an operating loss of over 
$400,000. In the case of two companies, the fuel cost 
alone was greater than the income. 

It was decided to boost rates and lose some of the busi- 
ness, and the rates for 1921 were increased from 18 to 77 
per cent above the 1920 rates. Yet by 1923 the com- 
panies were selling more steam at the higher rates than 
they were selling in 1920, and the operating loss had been 
turned into an operating profit. 

Table VIII gives the percentage relation for the dif- 
ferent factors from 1920 to 1925, inclusive. Fig. 2 
shows graphically the results for the four companies 
totaled, and the three companies totaled. 

The year 1920 marked a turning point in the sale of 
steam, for it was at this time that the decision was 
reached to handle steam no longer as a commodity 
but as a service: to cooperate with the customer, give 
him expert advice, and inspection service to assist him 
in using steam more economically, and charge a rate 
commensurate with the value of the service rendered. 
It saw the beginning of rate systems designed to give the 
customer having a better than average yearly load factor, 
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Fig. 2—Graphic representation of figures shown in Table 
VIII with increased sales under new higher rates 


the advantage of that better load factor by permitting 
him to earn a lower than average rate by systematically 
controlling his maximum demand. 

The loss of business was not as heavy as had been 
feared. The maximum loss by any company in 1921 
was 17.5 per cent, and from this time on, all companies 
enjoyed a steady growth in sales except one, and this 
company suffered a permanent loss of 15 per cent of its 
1920 sales. 

Comparing 1925 with 1920, note that the three com- 
panies increased their average rates 39 per cent and their 
sales 10 per cent, despite the fact that the market price 
of coal to their customers as well as to themselves had 
decreased 28 per cent. In other words, the customer 
had come to the conclusion that although he could buy 
coal 28 per cent cheaper than in 1920, he was willing to 
pay a 39 per cent higher rate for steam. This does not, 
of course, mean that he paid 67 per cent more for steam 
service in 1925 than operating his own plant would have 
cost him. It does mean that the utilities’ efforts to help 
him effect economies in his use of steam were bearing 
fruit, and that he had come to appreciate some of the 
more or less intangible values of the service rendered 
him. 

The record of Company No. 3 is particularly striking. 
Despite a 77 per cent increase of rates in 1921, this com- 
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pany lost only 4 per cent of its 1920 sales and changed a 
16 per cent operating loss into an 81 per cent profit. By 
1925 it was selling 31 per cent more steam, at a 58 per 
cent higher rate in spite of a 40 per cent decrease in the 
market price of coal; total income had increased 106 
per cent and net profit had gone from a 1614/2 per cent 
loss to a 104 per cent profit expressed as a percentage of 
1920 total income. 


TABLE VIII—COMPARATIVE RESULTS OF 4 COMPANIES 
INDIVIDUALLY, THE SUM (4C) OF THE 4 COMPANIES, 
AND THE SUM (3C) OF NOS. 1, 3 AND 4 COMPANIES, 

FROM 1920 TO 1925, INCLUSIVE 


M Lb Steam Sold as Per Cent of 1920 Sales 
3 1923 ‘ 


Co. No. 1920 1921 192 1924 1925 
1 100 85.5 85.7 90 91 86 
2 100 2.5 90.8 97 104 107 
3 100 96.3 103 116 129 131 
4 100 89.3 117 133 138 138 
4C 100 86 94.5 103 109 109 
3C 100 90 98. 107 113 110 

Avg. Rate per M Lb as Per Cent of 1920 
1 100 118 125 125 121 131 
2 100 142 130 130 130 129 
3 100 177 168 168 166 158 
4 100 130 120 125 126 128 
4C 100 139 131 131 131 ) 
3C 100 138 135 135 136 139 
Total Income as Per Cent of 1920 Total Income 
1 100 102 108 113 112 115 
2 100 117 118 127 135 137 
3 100 169 173 195 216 206 
4 100 116 141 162 174 177 
4C 100 120 124 135 143 146 
3C 100 123 133 146 154 153 
Net Income as Per Cent of 1920 Total Income 
1920 1921 1922 
1 56.5 loss 30.0 loss 6.0 loss 
2 5.1 profit 33.5 profit 37.5 profit 
3 16.5 loss 81.0 profit 91.0 profit 
4 10.5 loss 1.8 loss 2.1 loss 
4C 12.0 loss 22.0 profit 30.5 profit 
3c 35.0 loss 6.6 profit 21.0 profit 
1923 1924 1925 
1 1.6 loss 3.4 profit 10.0 profit 
2 41.7 profit 6.0 profit 62.0 profit 
3 103.0 profit 116.0 profit 104.0 profit 
4 2.4 profit 34.5 profit 38.0 profit 
4C 35.8 profit 49.5 profit 53.5 profit 
3C 27.6 profit 40.8 profit 41.8 profit 
Coal Price per Ton as Per Cent of 1920 Price 
Co. No. 1920 1921 1922 1923 1924 1925 
1 100 94.5 89 85 75 77 
2 100 108. 93 89 75 69 
3 100 93. 90 83 79 59 
4 100 106 106 98 85 78 
4C 100 101. 92 88 78 71 
3C 100 98. 93 89 78 72 
Operating Ratio 
1 1.57 1.29 1.05 1.01 .97 0.71 
2 .95 0.72 0.68 0.67 0.59 0.55 
3 1.16 0.52 0.47 0.48 0.46 0.50 
4 1.11 1.01 1.01 0.99 0.81 0.78 
4C 1.12 0.82 0.75 0.74 0.65 0.63 
3C 1.35 0.95 0.84 0.81 0.74 0.73 


Fig. 2 indicates graphically the results of five years of 
operation under the new rates. After 1921 the rates 
remain practically constant. Sales, total income and net 
income continued to rise quite sharply until 1924, while 
the operating ratio and coal price dropped rapidly. 
These results would be even more striking if it were not 
for the inclusion of Company No. 1 which suffered a 
permanent loss of business and did not show an operat- 
ing profit until 1924. 





Five Lamps Per Person 


As an index of lighting progress, statistics show that 
the American citizen consumes slightly more than five 
lamp bulbs per year. The next nation in the order of 
lamp usage is Denmark which uses up approximately 
1.75 lamp bulbs per person per year. Most European 
countries use about 1.5 lamps per person. 
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Chevrolet to Install 650-lb Boilers 


The Chevrolet Motor Company, Detroit, generates 
part of its power and purchases the remainder. It has 
certain process steam requirements, in addition to heat- 
ing, among which are relatively large demands by the 
steam forges. At present there is installed a battery of 
200 Ib boilers which supply steam through reducing 
valves to the forges at 105 lb pressure and steam at 
boiler pressure to three 3500-kw mixed-pressure turbines. 
The latter also take exhaust steam from the forges at 
8 lb gage and exhaust to jet condensers. Cooling water 
is supplied by a cooling tower. 

To meet increasing production demands it has been 
decided to install a 7500-kw bleeder turbine-generator 
with the layout arranged so as to afford the most eco- 
nomical heat balance consistent with the given con- 
ditions. Steam for the new turbine will be supplied at 
650 Ib, 725 F by two new boilers each having a rated 
capacity of 120,000 Ib per hour but with the pulverized 
fuel burning equipment arranged so that either boiler 
alone can produce up to 170,000 lb of steam per hour. 
The turbine will exhaust to a surface condenser, served 
by the cooling tower, and will also bleed steam at 105 lb 
to the forges and to a high pressure feedwater heater. 
A pressure reducing valve and desuperheater will be 
provided on the 650-Ib line so that live steam may be 
supplied from the new boilers direct to the forges when 
necessary if the larger turbine be shut down. 

Plans for the new installation have been drawn up by 
Albert Kahn, Inc., Architects and Engineers, Detroit, 
under the immediate supervision of Messrs. J. Gordon 
Turnbull and F. K. Boomhower, who were identified also 
with the earlier installation at the Chevrolet Motor 
Company. This plant represents an excellent combined 
central station and industrial plant service. 


New Steam Generating Unit Installed 
in Short Time 


Designed, delivered, erected and placed in operation 
in less than 90 days is the record of the new boiler and 
pulverized fuel installation at the plant of the North 
Carolina Finishing Company, manufacturer of rayon 
goods at Yadkin, N. C. 

Steam was previously furnished by several hand-fired 
boilers two of which were removed to make space for 
the new unit. Production committments made it 
necessary that the additional steam be available the 
first of September. 

On June 10 a contract was signed with Combustion 
Engineering Company, Inc., for a two-drum boiler to 
deliver continuously 60,000 Ib of steam per hour at 
425 lb pressure and 550 F total steam temperature at 
85'/, per cent efficiency. The unit has 8060 sq ft of 
steam heating surface with 3-in. front tubes and 2 in. 
rear tubes and both top and bottom drums are fusion 
welded. A plate type air heater of 8650 sq ft surface 
is provided and the unit is completely steel encased. 

Pulverized coal is provided by two Raymond ‘Impact 
Mills. 

Through the cooperation of all parties concerned the 
schedule was met and the boiler was under steam on 
Monday, September 2. 
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Further Details of the 


Tir John Power Station 


Tir John, the latest British power sta- 
tion, located at Swansea, South Wales, 
was officially opened on dune 20. A pre- 
liminary description of the boiler plant 
and the fuel burning equipment to burn 
pulverized anthracite duff appeared in 
COMBUSTION, September 1934. The 
present article gives further details on the 
station as a whole and describes certain 
unusual features. 


was originally conceived about 1924, to meet the 
increasing electrical load for which the old station, 
in 1900, was obviously inadequate. The site chosen for 
the new station was to the east of Swansea, South Wales, 
on what is known as the Crymlyn Bog, which 1s really 
an old river bed filled up with alluvial deposits. Work 
on the station was started in September 1931, and it has 
taken nearly four years to complete the first section of 
60,000 kw capacity which was officially opened on June 
20 of this year. 

One of the problems that had to be faced was that of 
bringing the circulating water to and from the station, 
and several alternative schemes were considered. Rock 
was found 14 ft below the surface, and it was finally de- 
cided to tunnel through the rock at a fairly deep level— 
240 to 300 ft—from the station to the bay about 900 
yards distant. At the station end, 14-ft diameter shafts 
were sunk almost entirely in the rock, but at Kings Dock 
on the bay a peculiar problem arose, since the shafts had 
to be sunk nearly 200 ft through the alluvial deposit, 
gravel, etc., which necessitated special treatment. Ulti- 


| HE Tir John Station of the Swansea Corporation 
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Tir John Station as it appeared at the official opening 
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mately, the ground was frozen by the following method: 
Separate holes were bored vertically outside the actual 
shaft, and in these steel pipes were placed. The lower 
ends of these pipes were closed, and refrigerated brine 
was circulated through them. When the ground was 
sufficiently hard, a solid ice wall was formed, and the 
core of silt and other deposits could be excavated without 
trouble. The two shafts at the station end of the tunnel 
are lined with concrete while those at the dock are lined 
with cast iron from the surface through the water-bearing 
strata into the rock, below which they are concrete lined. 

The section of the station which has now been opened 
is only one-fourth of the projected ultimate capacity. 
It includes two turbine-generators, each of 30,000 kw 
capacity, and four boilers each of 240,006 lb per hr 
maximum evaporation. The turbines are of the Parsons 
pure reaction design, of the two-cylinder tandem type 
operating at 3000 rpm with steam of 600 Ib pressure and 
825 F. 

Steam-Generating Equipment 

Of particular interest is the steam-generating equip- 
ment which is designed to burn anthracite duff in pul- 
verized form. This fuel has a volatile content of 6 to 
8 per cent, 74 to 80 per cent carbon, and moisture and 
ash of approximately 4 and 14 per cent, respectively. 

The four units installed each have a heating surface 
of approximately 16,500 sq ft, designed for a normal 
evaporation of 200,000 lb per hr and a maximum of 
240,000 Ib per hr at 625 lb pressure, with a final steam tem- 
perature of 850 F. They are of the Combustion “‘steam 
generator” three-drum type with water-cooled combus- 
tion chambers, and each is fitted with a superheater, an 
economizer of the Foster gilled tube type and an air 
heater. 

The M.L.S. superheaters are of the single-pass ball- 
joint type, and have dampers by which the gases may be 
bypassed in different proportions, so as to maintain an 
approximately constant temperature of 850 F down to 
about half load. 

The arches, into which the burners are mounted, are 
of the Detrick suspended construction. 

Each economizer has approximately 7000 sq ft of 
surface and they are designed for the comparatively small 
rise of about 38 F from the feed temperature of 350 F 
at the normal load of 200,000 Ib per hr. 

Another interesting feature is that the air heaters are 
of the twin type, one section being located before the 
economizer and the other after it. These air heaters are 
of the plate type with a total heating surface for each 
boiler of about 70,000 sq ft; approximately 44 per cent 
of this being ahead of the economizer, and the remainder 
between the economizer and the induced-draft fan. 
The final air temperature is calculated to reach about 700 
F. As the combustion chambers are mostly water cooled 
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Section through boiler 


and as the volatile of the fuel ranges from 6 to 8 per cent, 
it is evident that highly preheated air is essential. The 
heat liberation in the furnace is approximately 17,000 
Btu per cu ft per hr at normal load. 

Because of anticipated difficulties in lighting the fires 
with such a low volatile fuel, auxiliary oil burners have 
been fitted, two being mounted below the burner arch 
and two near the bottom at each side of the furnace. 
These oil burners are of the compressed-air type, ca- 
pable of supplying about 500 Ib of oil per burner per hour. 
The fuel oil pumps are motor-driven and are of the 
rotary displacement type, a constant pressure being 
maintained in the circulating system by means of a regu- 
lating relief valve set to any desired pressure. 
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room of Tir John Station 


The mills which are of the Hardinge type with classi- 
fier, cyclone and exhauster fan, contain 28 tons of steel 
balls and are each capable of grinding ten tons of anthra- 
cite duff per hour, conforming to the analysis given below. 
They operate on a closed circuit, so that the operation 
is under a partial vacuum, and are designed to pulverize 
this amount of coal to a fineness of 85 per cent through 
200 mesh, I.M.M. sieve, and 99 per cent through 100 
mesh. The grading of the raw coal is as follows: 


Per cent 
Through 50 mesh 30 
Through 20 mesh 55 
Through 10 mesh 83 
Through 8 mesh 95 
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The coal has a proximate analysis as follows: 


Per cent 
Moisture content 4 
Volatile matter 6 to 8 
Carbon 80 to 74 
Ash 14 
Melting point of ash 2460 F 


The ultimate analysis shows 76.46 per cent carbon and 
2.95 per cent hydrogen. 

Each mill is driven through single helical gearing by 
a 425-hp motor of the slip-ring type equipped with rotor 
speed regulators. 

Four Lopulco pulverized fuel transport pumps are 
provided, one to supply each pulverized fuel bunker. 
The pipe lines are so arranged that any transport pump 
may supply any bunker, and in the event of one or more 
mills not being in operation, the remaining mills and 
pumps may be so controlled that they will serve all the 
bunkers. 

Pulverized coal coming from the cyclones to the feed 
inlet of the transporters is conveyed by a screw feed to 
the transporter outlet, where, by means of an air blast, 
the fuel is carried along the transport lines to the bunk- 
ers. Control of the fuel along the pipe lines is rendered 
possible by an arrangement of individually operated 
switching valves, and by this means any desired section 
of piping may be isolated from the remainder. 

The raw coal is fed to the pulverizers through auto- 
matic weighers each designed for 15 tons per hour. The 
pulverized fuel bunkers are arranged at a high level, for 
feeding direct to the twelve vertical burners, these burn- 
ers being fitted in pairs and served by duplex feeders. 
The primary air fan in each case draws warm air from 
the air heater, located before the economizer. 


Gas Cleaning Plant 


Dust and acids in the flue gases leaving the boilers are 
removed by Howden-I.C.I. flue gas scrubbers,' no other 
means of dust extraction from the gases being installed. 
These scrubbers are designed for the removal of 96 per 
cent dust and 96 per cent sulphur, and in addition will 
remove 90 to 95 per cent of the hydrochloric acid and 60 


1 For a detailed description of the Howden-I.C.I. system see 
CompustTIon, April 1935. 
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One of nine sets of ‘‘Radicon’’ reducers for 
driving conveyors 


to 70 per cent of the nitric acid in the flue gases. The 
coal contains from 0.6 to 1 per cent sulphur, and up to 
13 per cent ash. 

A unit system of scrubbing is employed, each of the 
four boilers being equipped with a scrubber located im- 
mediately after the air heater. There are two nests to 
each unit and for low boiler loads either of the nests 
can be cut out. The scrubbers each have their own delay 
tanks, the latter taking the form of a tall vertical chamber 
extending from the washer floor to the basement. The 
liquor is recirculated by two high efficiency axial flow 
pumps per scrubber, designed for pumping 8300 gal 
per min against a head of 30 ft. These pumps are in the 
basement and are driven by squirrel-cage motors. The 
plant is designed for a concentration of suspended solids 
in the recirculating liquor of about 13 per cent, and this 
is kept constant by extracting continuously a quantity 
of the liquor. The exact amount of extracted liquor de- 
pends on the coal analysis, and is approximately 60 gal 
per min at full load. The purge is discharged with the 
ash from the boiler and economizer hoppers into a swirl 
pit at ground level. Effluent and ash is then discharged 
into the bog, some distance from the boiler house. 

Approximately 80 gal of make-up per minute is used 
by each scrubber at full load, but this depends on the 
purge quantity and gas temperature. The water is 
drawn from the bog by centrifugal pumps at a point re- 
mote from the effluent and ash disposal point. 

Lime is the neutralizing agent used. It is added con- 
tinuously to maintain a pH between 6.2 and 6.4 in the 
recirculating liquor leaving the grid packing. A milk of 
lime preparation plant is provided, which is capable of 
slaking 2 tons of burned lime per hour. There is a 
storage capacity of 30,000 gal of milk of lime in two stock 
tanks. The liquid is circulated through a ring main in 
the boiler house and the feeds to the scrubbers are taken 
from this ring. The control of the lime addition is auto- 
matic, by pH recorders, while that of the purge is manual 
from readings of continuous density recorders. 

The draft equipment for each unit consists of a single 
induced-draft fan and two forced-draft fans, all of the 
vane-controlled type. The primary air fans have also 
been supplied by James Howden and are of their turbo- 
vane type. Each forced-draft fan is capable of deliver- 
ing to the preheaters 47,000 cu ft of air per minute and is 
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driven by an a-c motor of the commutator type, run- 
ning at a maximum speed of 985 rpm, with a speed varia- 
tion of 50 per cent. 

The induced-draft fans are driven by two-speed a-c 
motors. Each fan has a capacity of 118,400 cu ft per 
min of flue gas at a temperature of 175 F. Each of the 
primary air fans has a capacity of 25,000 cu ft of air per 
minute, at a temperature of 700 F. 


Coal Handling Equipment 


This comprises two weigh bridges, two truck tippers, 
a receiving hopper, a coal-dust extraction plant, me- 
chanical conveyors, elevator and a drag line scraper in- 
stallation. The coal is received at the station in stand- 
ard railway cars which are run by gravity to the first 
weigh bridge where they are discharged into the main 
hopper, and then to the second weigh bridge to obtain 
the actual coal weight. After weighing they run by 
gravity down to an empty siding. 

From the receiving hopper the coal is fed to two in- 
clined belt conveyors which discharge into-a receiving 
hopper in the boiler house, from which it is transferred 
to enclosed scraper conveyors delivering to the raw coal 
bunkers. Coal can also be delivered to reserve storage 
by means of a bucket elevator, and distributed over the 
reserve storage by means of a drag line scraper. The 
plant is designed for an average operating cycle of 6 min 
per car when operated by one man. 


Ash Handling Plant 


Scraper conveyors have been installed beneath the 
boilers. These deliver the clinker and ash to a sump to 
which the effluent from the gas washing plant is also 
delivered. From the bottom of this sump, the clinker 
and ash is removed by three Hydroseal vertical-spindle 
pumps. It should be mentioned that before entering 
the sump the clinker from the furnaces is passed through 
a crusher. 

There will be a considerable variation in the quantity 
of material delivered to the sump depending on the num- 
ber of boilers working, and on the gas washing plant. To 
deal with this variation, the motors driving the pumps 
are arranged for two-speed operation, and in order to 
maintain a minimum velocity in the discharge lines from 





One of the mill drives 











the pumps, one of these discharge lines is 5 in. and the 
other 6 in. By selecting the right combination of pump 
speed, number of pumps and size of pipe line, any oper- 
ating condition can be dealt with. 

The station has two raw coal bunkers, each hav- 
ing a capacity of 700 tons, and also four pulverized fuel 
bunkers each having a capacity of 100 tons. These 
bunkers are lined with two inches of reinforced Gunite. 


Turbine-Generators 


As previously mentioned, two 30,000-kw, 3000-rpm 
units are now installed. The most economical load of 
these machines is 24,000 kw and the guaranteed steam 
consumption is 9534 Btu per kw-hr. The turbines have 
stainless steel blading, while the stator castings are of 
mild steel, electrically welded. Four-stage heating is 
employed, the condensate being heated to the final tem- 
perature of 350 F. 

The core conductors are of Parsons patented triple 
concentric type of stranded cable, the individual wires 
being insulated with asbestos and spiraled to eliminate 
eddy currents. The rotors are machined from solid 
forgings of high grade mild steel, the radial slots to re- 
ceive the excitation windings being milled out of a solid. 
The windings are of copper strip, the coils being accu- 
rately formed on a coil forming machine before being 
placed in the slots. The rotor insulation is micanite, and 
the end windings are securely spaced with bakelized 
heat-resisting asbestos packings. 

The exciters are driven direct by the main units. 
That is, each main armature together with its auxiliary 
armature are mounted on the same shaft and are driven 
from the turbine rotor shafts through a flexible coupling. 

The bed plates of the turbine-generators are of elec- 
trically welded mild steel. 


Condenser Equipment 


Each of the two Vickers Armstrong condensers are of 
the two-flow regenerative type, having a cooling surface 
of 30,000 sq ft. The double shells are of mild steel 
welded construction, and are so arranged that one half 
of the tubes may be opened up for cleaning while the 
other half remains in commission. 

Four Weir three-stage steam-air ejectors and surface 
inter-coolers are fitted, and in addition there are six sets 
of steam-air exhausters for rapidly increasing the vacuum. 


Feed Pumps 


The main feed pumps consist of four booster pumps 
working in conjunction with four main Weir pumps, all 
electrically driven. Each of the booster pumps is ca- 
pable of delivering 300,000 Ib of feedwater per hour, and 
handles the feed at 216 F against an absolute pressure of 
230 lb per sq in. They are direct coupled to 125-hp 
a-c motors running at 1450 rpm. In addition, a steam 
turbine driven feed pump is supplied as a standby. 

The station was designed under the supervision of 
J. W. Burr, electrical engineer to the Borough of Swansea, 
and the consulting engineers were Messrs. Preece, 


Cardew & Rider (for plant and superstructure) and Sir 
Cyril Kirkpatrick & Partners (for tunnels and founda- 
tions). 
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SPONTANEOUS COMBUSTION 
in Coal Storage Piles 


By ELMER L. LINDSETH and F. J. LEONHARD 


Production Department, Cleveland Electric Illuminating Co. 


The properties of slack, high or medium 
volatile coals make them susceptible to 
spontaneous heating in storage unless cer- 
The authors 
review the conditions contributory to such 


tain precautions are taken. 


of coal in storage and show what steps may 
be taken to guard against it; also how to 
detect an undue rise in temperature. 


HE tendency of coal to burn in storage is a disad- 
vantage measured not only by the value of the coal 

so consumed but also by the labor required to cope 
with fires, by the resulting reduction in the safe storage 
capacity of a given site and by the hazard created when 
hot coal, with its attendant gas, is admitted to a building. 
Properties of the coal and conditions of storage jointly 
determine whether spontaneous combustion will develop. 
Clean, lump coals usually present no problem, as their 
properties are inherently unfavorable to spontaneous 
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heating. On the other hand, the properties of slack, 
high or medium volatile coals make them susceptible 
to spontaneous heating unless storage conditions are 
definitely inhibitive. However, it is often necessary to 
store these coals known to be troublesome. Therefore, 
in practice the question is often not so much ‘‘What kind 
of coal should we store to avoid fires?’ as it is “How may 
we safely store coal which we know has a strong tendency 
to heat?” 

In searching for an answer to this question it is helpful 
to keep in mind the general mechanics of spontaneous 
combustion. Coal in the presence of air absorbs oxygen 
with the evolution of heat at a rate which is hardly per- 
ceptible at ordinary temperatures but, in susceptible 
coals, becomes considerably above 150 to 200 F (1).! 
During this absorption of oxygen the evolution of carbon 
dioxide is low in relation to the heat generated (2). 
Moreover, coal may absorb carbon dioxide to a certain 
extent with considerable evolution of heat (3). Fine 
coals, by presenting a greater surface for oxygen absorp- 
tion, tend to heat more readily than lump coals. The 
fresh surfaces of newly mined and recently crushed 
coals absorb oxygen and generate heat more rapidly 


1 Numbers in parentheses refer to the bibliography at the end of this article. 
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than old surfaces, which have been ‘‘satisfied’’ with 
oxygen (4). Higher volatile coals show a greater 
tendency to heat than do lower volatile coals (5). 
Pyrite has been found to promote heating both by 
itself oxidizing and so generating heat (5) and by swelling 
and breaking the coal to expose fresh surfaces (6). 
Moisture probably encourages heating by aiding catalyti- 
cally in the oxidation of coal and pyrite (5) and, upon 
freezing, to break the coal and expose fresh surfaces (5). 
Spontaneous heating may likewise be initiated by the 
storage of hot coal, which has a higher rate of oxygen 
absorption, hence a higher rate of heat evolution and a 
consequent greater tendency toward a cumulative tem- 
perature rise than cooler coal. Spontaneous heating 
may likewise be accelerated by the application of ex- 
ternal heat such as that furnished by the oxidation or de- 
cay of such foreign substances as oily rags and organic 
matter which in themselves are highly susceptible to 
spontaneous heating. 


Heat Accumulation Builds Up Temperature 


Heat generated, due to the foregoing causes, either 
escapes from the coal mass or accumulates. In the 
latter case it raises the temperature of the coal, thus 
further increasing its rate of heat generation and raising 
the temperature still faster. Once under way, this tem- 
perature rise continues until the coal reaches the kindling 
point. Whether the heat resulting from the slow oxi- 
dation at ordinary temperatures escapes from the coal 
or accumulates to set in motion a “runaway’’ tempera- 
ture rise, depends entirely upon the ease with which heat 
may be dissipated from the region of its origin. Heat 
dissipation from within a pile is promoted by a low am- 
bient temperature and by adequate provision for heat 
flow from the interior of the pile to the surroundings. 
Low ambient temperature is attained through the avoid- 
ance of external sources of heat such as pipes, tunnels, 
sewers, flues, etc., either beneath the pile or in close 
proximity. Heat flow from the interior may take place 
by conduction through the coal to the surface, whence it 
escapes by convection and radiation, by conduction to 
the ground or by convection to air passing through the 
interior of the coal mass (ventilation). Heat flow from 
the interior by conduction is encouraged by restricting 
the height and width of the piles so as to limit the dis- 
tance the heat must be conducted and by compacting 
the pile to reduce voids and increase conductivity. Heat 
flow from the interior by ventilation is facilitated by 
limiting height and width of piles and by providing in- 
terior passages. 

Briefly then, spontaneous combustion in a coal storage 
pile results when the rate of heat generation exceeds the 
rate of heat dissipation. This excess heat is utilized in 
raising the temperature of the coal, which in turn oxidizes 
and generates heat at a still greater rate, thus accelerat- 
ing the temperature rise toward the kindling point. 
Whether or not this cumulative temperature rise occurs 
in a given pile depends upon which of the following two 
expressions describes the conditions obtaining in the pile: 


1. Rate of heat generation is equal to or less than the 
rate of heat dissipation. (Safe condition—no fires) 

2. Rate of heat generation exceeds the rate of heat dis- 
sipation. (Unsafe condition—temperature rise and 
ultimate fire) 


Factors which affect the left side of these expressions 
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are coal temperature, coal type, foreign matter, oxygen 
supply, surface area exposed to oxygen, degree to which 
coal surfaces are satisfied with oxygen and catalytic 
conditions. Factors affecting the right side are coal 
temperature, ambient temperature, pile size and shape, 
heat conducting properties of coal and internal ventila- 
tion. 

Only two methods are available for preventing spon- 
taneous combustion: First, by increasing the rate of heat 
dissipation; second, by reducing the rate of heat genera- 
tion. Investigators of the problem have increased the 
rate of heat dissipation by, 


1. Heat removal from the interior by conduction. 
2. Heat removal from the interior by ventilation 
(i.e., cooling by air circulation through the coal mass). 


Investigators have reduced the rate of heat genera- 
tion in a given coal through restriction of air supply by, 


1. Under water storage. 
2. Prevention of segregation. 
3. Compacting. 


Heat removal by conduction occurs naturally when 
the heat generated within a pile is conducted by the coal 
to the surfaces of the pile whence it is dissipated by con- 
vection to the air, or by conduction to the ground or 
floor on which the pile is built. This natural heat re- 
moval by convection is an effective deterrent to heating 
only if all portions of the coal mass are sufficiently near 
the surface. The practical result of this is that a pile 
which would otherwise heat must be made shallow or 
narrow. ‘This is a serious handicap because it is waste- 
ful of ground space. Cooling by water circulated 
through pipes built into the pile has been proposed but 
the cost and resulting interference with reclaiming of 
the coal make this impractical. 

Heat removal by ventilation consists of encouraging 
air circulation within the pile to remove heat by convec- 
tion. Any loosely packed pile is protected by natural 
ventilation to a limited extent. Experience has shown 
that fires in such piles usually start at depths of from 2 
to 10 ft (5) (7) which suggests that above this point heat 
can be dissipated by ventilation and conduction to the 
surface as fast as itisformed. From this it appears that 
such piles could be safeguarded by natural ventilation 
and conduction by being limited to a depth of from 2 to 
10 ft—a practice wasteful of space. Artificial ventila- 
tion is dangerous because if it is insufficient it will seri- 
ously aggravate the condition it is supposed to prevent. 

In Great Britain successful fire prevention has been 
accomplished by building perforated iron or earthenware 
pipes 3 to 4 in. in diameter into the coal mass vertically, 
one pipe per 300 sq ft of horizontal surface, with the 
further specification that the height of pile be limited 
to 10 ft (8). In Canada pipes are sometimes driven 
into the coal and then removed, leaving holes for easy 
access of air (5) (9). This procedure in one instance re- 
ported allowed the height of piles to be increased from 
10 up to 14 ft with safety but required one hole for every 
1!/, tons of coal (9). 

Suppression of oxidation by restriction of air supply 
seeks to reduce the rate of heat generation to such a low 
value that natural heat dissipation, unaided by special 
precautions for cooling, is sufficient to prevent a serious 
temperature rise. 
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The most thorough restriction of air supply is accom- 
plished with under-water storage but in the majority of 
cases high initial cost precludes the use of this method. 

Entrance of air into coal piles containing small coal 
sizes can be virtually eliminated if proper precautions 
are taken to prevent segregation of coal sizes and to com- 
pact the coal mass. Segregation is likely to occur when 
a pile is built without the exercise of special precautions 
and the frequent result is a mass of easily oxidizable 
fines surrounded by lumps which, through their inter- 
stices, allow access of air sufficient to encourage oxida- 
tion but insufficient to remove the heat developed. Seg- 
regation may be controlled by building the pile in hori- 
zontal layers, the thinner the layers the more homogene- 
ous the pile. Compacting the coal mass to close air 
passages and to improve heat conducting and water 
shedding properties has been practiced with quite general 
success. 

A notable example of the use of layer built and com- 
pacted piles is the method of storage employed by the 
Philadelphia Electric Company (10). The practice of 
this company is first to prepare the ground by covering 
with ash or dry earth and rolling hard. Coal is then 
dumped and spread in 2-ft layers with a 2-ton cater- 
pillar tractor and scraper. Each layer is then packed 
with a roller to a density of about 65 lb per cuft. (Den- 
sity of the loosely piled coal is 45 to 50 Ib per cu ft.) 
In this way successive layers are put down until the flat 
top of the pile is only wide enough for the tractor. At 
this point loose coal is trimmed from the edges of the 
base with a clamshell bucket and dumped at the top. 


Practical Methods and Precautions 


As each case encountered in practice presents a differ- 
ent set of problems, any attempt at a universal solution 
is futile. The alternative is to recognize the methods, 
precautions and conditions which tend to suppress 
spontaneous heating and in each particular case to take 
judiciously the steps necessary to permit the safe storage 
of the required amount of coal in the available space with 
a minimum outlay for equipment and labor. As a guide 
the following suggestions are given: 

STORAGE SITE—Unfavorable conditions of the site 
may counteract all precautions taken in the actual build- 
ing of the pile. The ground should be level, smooth, non- 
porous and clear of all vegetation and other foreign 
matter such as paper, rags, waste, straw, wood, manure, 
etc. Railroad tracks under a pile may provide detri- 
mental air passages. Rolling of the ground is desirable, 
especially near tidewater, where the ground may have a 
tendency to “‘breathe’”’ with the tides. A pile should 
not be built on tiled ground, although drainage around 
the edges is desirable. The pile should not be subjected 
to external heat from pipes, tunnels, ducts, flues, sewers, 
etc., either beneath the pile or in close proximity. Piling 
of coal against walls and fences or around structural 
members and pipes is undesirable because crevices at 
the surfaces of contact may permit the entrance of air 
and the concentration of rain water (7). Wooden 
structures, being themselves combustible, increase the 
fire hazard. 

CONDITION OF THE CoAL—Coal conditions known to 
provoke spontaneous heating should, of course, be 
avoided or corrected wherever possible. High volatile 
content and small coal size are eminently conducive to 
heating and fire. It is advisable to avoid storing coal 
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in very wet weather and it is almost imperative that the 
coal be not above atmospheric temperature at the time 
of storage. Coals high in moisture and sulphur have 
shown increased tendency to heat. Coal freshly mined 
or crushed is more susceptible to heating than after it has 
aged for two or three months. This aging may be ac- 
complished through temporary storage in low piles. 
Alternate wetting and drying or freezing and thawing 
encourage heating by breaking the coal and exposing 
fresh surfaces to oxidation. Such foreign matter in coal 
as paper, rags, wood, straw, etc., are themselves suscep- 
tible to spontaneous combustion and so should be avoided. 
Coal which passes the first year without heating will 
probably store indefinitely because after this period the 
surfaces are virtually “satisfied” with oxygen. 

PILING oF CoaL—lIn the building of storage piles, the 
danger of ultimate fire can be lessened by minimizing 
breakage of coal in handling, by prevention of segrega- 
tion, by compacting and by limitation of the height. 

Minimizing breakage of coal in handling requires vari- 
ous precautions, depending upon the type of equipment. 
Breakage during handling by a clamshell bucket can be 
reduced effectively if the bucket is always lowered as far 
as possible before it is opened. 

Prevention of segregation is accomplished by building 
the pile in layers from 2 to 4 ft thick. A refinement is to 
scrape each layer to present a smooth surface for the 
next. 

Compacting is carried out by compressing each layer 
before the next is added and can be accomplished in a 
variety of ways. Hand tamping, while usually too 
laborious for general compacting, is useful for packing the 
coal around any structural members, walls, etc., against 
which the coal may be piled. In large-scale storage the 
tractor and the tractor-drawn roller have shown them- 
selves to be economical. With a drag scraper system a 
roller may be substituted for the drag. A conventional 
motor truck may be used with success. At least one 
operator, after putting down a layer with the crane, sub- 
stitutes for the clamshell a 2'/:-ton steel and concrete 
weight, which is hoisted several feet above the coal and 
dropped (3). A still simpler method is to drop the full 
closed bucket several times at the place where it is to be 
dumped until the area to be covered is flat and hard. 

Limitation of the height of piles opposes heating ten- 
dencies by facilitating heat dissipation from the interior. 
The safe maximum height depends upon the properties 
of the coal and upon the degree to which the other con- 
ditions of storage are effective in suppressing the genera- 
tion of heat. Another reason for height limitation is 
the convenience in digging out any fires that may develop. 
Fifteen feet is usually a safe height for layer built, un- 
compacted slack piles. 

Fires—It is quite generally agreed that once a fire 
has started the only positive remedy is to dig it out 
promptly and either quench it directly or use the coal. 
Water poured on the exterior of a pile will, if it penetrates, 
form a protecting cake around the hot spot and prevent 
water from reaching the fire. 

DETECTION OF HEATING IN CoaL Pites—As fire is 
usually the result of a gradual temperature rise, it is pos- 
sible to obtain advance warning by routine observations. 
Hot spots in advanced stages are revealed by the odor 
of the gas evolved, by shimmering in the atmosphere 
above the pile, by the appearance of smoke or steam and 
by the melting of snow. 
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A more exact and sensitive method of locating hot 
spots and at the same time a means of estimating interior 
temperatures is to insert through the coal mass a rod or 
a rod and chain within a pipe permanently installed in the 
pile, leaving this for a period of time, withdrawing and 
feeling it over its entire length. 

Since there is a more or less definite temperature at 
which coal starts to heat spontaneously and rapidly 
(i.e., the critical temperature) quantitative interior tem- 
perature measurements are of value. For some low- 
rank coals the critical temperature is about 150 F (5). 
Coal at or near this temperature should be watched 
carefully and, if the temperature continues to rise, 
should be dug out and quenched or immediately used. 
For the measurement of the interior temperature of coal 
piles it has been found convenient to lower a maximum- 
reading thermometer on a cord down a pipe driven into 
the coal, leaving it for the required time, and withdraw- 
ing. Another successful method consists of driving a 
pipe containing a thermocouple into the coal and mea- 
suring the temperature with a potentiometer. Such 
readings taken on 10- to 20-ft centers have been found to 
provide a useful temperature survey. If temperatures 
between 130 and 150 F are detected, the coal adjacent 
to these readings should be surveyed with readings on 
about 5-ft centers. 


Summary 


The foregoing methods and precautions for the storage 
of small-size coals which contain considerable volatile 
matter or sulphur can be reduced to the following rules: 


1. Avoid (as far as possible) storing newly mined and 

freshly crushed coal, wet coal and coal containing 

foreign combustible matter. 

Avoid storing hot coal. 

Store on smooth, non-porous ground cleared of 
foreign matter. 

4. Avoid piling against or around structures. 

5. Avoid breakage of coal going into storage. 

6. Avoid segregation of fines. 

7. Exclude air by compacting. 

8. Limit height of piles as necessary. 

9. Inspect piles for fires and heating regularly. 

If hot spots develop, remove hot coal. 
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THE HAYS PORTABLE 
F'LUE GAS ANALYZER 


“ OME ON, LET’S GO!” is the feeling you 

get when you are equipped with a Hays 
Portable Flue Gas Analyzer. Its speed ... con- 
venience ... light weight . . . durable construc- 
tion...and accuracy make flue gas testing a 
pleasure. And don’t think that combustion de- 
tective work doesn’t pay dividends! Conditions 
change frequently in furnaces and only by making 
periodic check-ups can you be sure that no op- 
portunity for improving efficiency has been 
missed. 

With a Hays Analyzer, anyone can quickly 
learn to make CQ, readings in less than 30 sec- 
onds, or a complete analysis for CO:, O. and CO 
in 3 to 4 minutes. The accuracy is the guaran- 
teed accuracy of the Orsat principle of volumetric 
absorption. 

The Hays Analyzer, alone, or combined 
with one of our 50 types of complete portable 
combustion Test Sets, is available in several 
different sizes with fittings specially designed for 
class of work contemplated. Combustion en- 
gineers are enthusiastic about the new Series 3000 
Test Set which includes a built-in Pointer Type 
Draft Gage as illustrated above. 

Write for Catalog TSE-33 and learn about 
the Hays Technique for making ‘‘world’s fastest”’ 
analyses. 
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750 E. EIGHTH ST. 


MICHIGAN CITY, IND. U.S.A, 
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Versatility of Traveling 
Grate Stokers 


HE modern forced-draft traveling or chain-grate 
type of stoker is a most versatile fuel burner. It 
will easily handle a wider variety of fuels than any 

other type of stoker. It is simple to operate, flexible 
and most efficient when provided with a furnace of 
proper design. Because of these inherent characteristics 
it is necessary to give serious consideration to its use 
whenever a stoker installation is contemplated. Of 
course, it does have some limitations and in these cases 
the underfeed stoker is then the type of machine to use. 

The fuels commonly handled on the forced-draft 
traveling or chain-grate stokers are: anthracite, semi- 
anthracite, bituminous and sub-bituminous coals, lignite 
and coke breeze. In order to give proper consideration 
to design and operation, as effected by the widely differ- 
ing characteristics of these fuels, they will be treated 
separately in this discussion. 


Burning Anthracite 


The burning of anthracite is practically limited to the 
forced-draft traveling grate stoker. In fact, it was for 
the burning of the smaller sizes of anthracite that this 
type was originally developed. Its adaptation to the 
use of other fuels followed. 

Culm banks, mountains of fine fuel, formerly con- 
sidered as necessary waste in the mining and preparation 
of anthracite for domestic and hand-fired industrial 
furnaces, challenged the ingenuity of the experimenter 
and the inventor. The earliest experiments developed 
four fundamental design factors which are still applicable 
to every modern installation. These are: 

(a) The fuel must be fed to the furnace continuously 
in a uniformly thin bed. 

(b) Heated refractory surfaces, in close proximity to 
the fuel bed, are required to maintain prompt and satis- 
factory ignition of the incoming ‘‘green’’ fuel. 

(c) The fuel supporting surface must consist of small 
individual elements of the overlapping end type, so 
designed as to give a free air space of from five to ten 
per cent, and at the same time minimize the possibility 
of “‘fines’’ sifting through the grate surfaces. 

(d) The air supply to the grate should be zoned and 
controlled as to pressure and volume. 

Anthracite, because of its low volatile matter and high 
fixed carbon content, is difficult to ignite rapidly. Be- 
cause of this fact, it is necessary to provide a refractory 
arch to shield the ignition end of the furnace from the 
cooling effect of the heat absorbing surface, that might 
otherwise ‘‘see’’ the incoming fuel. Ignition of the fuel 
bed is thus obtained by radiation from the heated re- 
fractory surfaces in the furnace. The length of the arch 
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A wide variety of coals can be burned on 
traveling or chain-grate stokers. These 
are dealt with separately, and the furnace 
design and type of arch best suited to each 
fuel is discussed. Representative per- 
formance for each case is included. 


must therefore be sufficiently great to insure a constant 
supply of radiant heat. 

All of the furnaces in the earlier installations were of 
the front-arch design, similar to that shown in Fig. 1. 
There are two serious objections to furnaces of this 
type—the first is that there is a tendency for the gases 
to stratify, and second high carbon loss in the ashpit 
and fly ash. 

The stratification of gases, in many cases, resulted in 
continuous combustion in the boiler passes. As a result 
there was serious loss in efficiency due to high stack 
temperatures. Furthermore, superheated steam tem- 
perature was erratic and in many cases the superheaters 
and their supports were damaged, due to excessive tem- 
perature of the gases. Experiments developed the fact 
that this continuous combustion may be considerably 
reduced, and often entirely eliminated by the application 
and proper use of over-fire air. The effect of over-fire 
air is to break up stratification in the furnace, mixing 
the lean and rich gases, and thereby causing combustion 
to be completed before the boiler surfaces are reached. 

High carbon loss in the ashpit and fly ash were the 
cause of inconsistent efficiencies in the earlier installa- 
tions. While the furnace design was responsible for this, 
in a great measure, there was still another factor to be con- 
sidered. Commercial No. 3 buckwheat was presumed 
to be screened through a */;.-in. round hole screen and 
passed over a */3-in. screen. Investigation developed 
the fact, however, that a varying percentage of under- 
size, all passing through a */3-in. screen, had a decided 
influence on the results that could be obtained with a 
given installation. When this undersize exceeded 25 
per cent, the efficiency began to fall rapidly and at an 
increasing rate, as the percentage of undersize increased. 

When river anthracite is burned in a front-arch fur- 
nace the obtainable efficiencies are low due to the high 
“carry over’ into the ashpit and to fly ash. The ignition 
is sluggish because of high moisture content, and as a 
result the rates at which the fuel may be burned per 
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Fig. l—An earlier front-arch design 


square foot of grate surface are relatively low. In an 
attempt to overcome some of these inherent difficulties 
a multiple-arch furnace was designed and installed. The 
results exceeded expectation. Ignition was stable even 
at grate speeds that would cause ignition failure with 
No. 3 buckwheat, in a front-arch furnace. The CO, 
leaving the furnace was uniformly high and stratification 
of the gases was eliminated. The carbon loss in the ash- 
pit and also the fly ash was reduced very noticeably. 
The principal objection to this particular type of furnace 
was the large amount of refractory surface that would 
require maintenance. 

As a direct result of the experiments on the multiple- 
arch furnace for river anthracite, the rear-arch furnace 
was finally evolved. Results, at first, however, failed 
to meet expectations. It was not until a new technique 
of operation was developed that the full possibilities of 
this design were realized. As will be seen in Fig. 2, the 
furnace consists essentially of a front curtain wall, 
commonly called the ignition arch, and a long low rear 
arch, extending from the bridgewall forward and cover- 
ing sixty to seventy five per cent of the rear end of the 
stoker. Between the ignition arch and the rear arch is 
a relatively narrow ‘‘throat’’ which has an increasing 
area as it approaches the boiler surface. The height of 
the rear arch above the grate, the length of the rear arch 
and the width of the throat are all governed by the fuel 
to be burned as well as the rating. 

The relatively large amount of high temperature 
refractory surface in this type of furnace, assures prompt 
ignition of the incoming fuel. The penetration of 
ignition, down through the fuel bed, is accelerated fur- 
ther because the air pressure, in the first stoker compart- 
ment is kept very low and is gradually stepped up toward 
the rear compartments. Furthermore, the gases coming 
forward under the rear arch carry a large quantity of 
fully ignited ‘‘fines’” which fall on the incoming fuel bed 
and serve to speed up ignition still further. Therefore, 
with this design absolute stability of ignition is assured 
though grate speeds may be as high as 100 ft per hr. 

The rear-arch type of furnace practically eliminates 
stratification of the products of combustion, by its 
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mixing action. This is accomplished in the following 
manner. At the front of the furnace there is a relatively 
large quantity of rich gas distilled from the incoming 
green fuel at low velocity. This gas is deficient in air 
because of the method of operation. At the rear end 
of the furnace we have a large volume of lean gas. Due 
to the restricted volume under the arch, this lean gas 
moves forward at a relatively high velocity. Consider- 
able turbulence is created in the narrow throat of the 
furnace where the low and high velocity streams of gas 
meet. They mix thoroughly and burn completely in 
the combustion chamber just above the throat. 

The rear-arch furnace has proven itself in many in- 
stallations. Where No. 3 buckwheat is burned, it is 
possible to obtain from two to four per cent higher 
efficiency than with the front-arch furnace. Combus- 
tion rates as high as 55 lb per sq ft per hr are not 
difficult to maintain. Where No. 4 buckwheat or river 
anthracite are burned, this rear-arch furnace is the only 
real insurance against ignition failure and extremely low 
efficiency. The combustion rates with these coals 
should rarely exceed 35 Ib per sq ft per hr if reason- 
able efficiencies are desired. The rapid falling off in 
efficiency above this rate is due to the increased carry 
over in the fly ash. 

The test results shown in Table I will serve as an 
indication of the relative performance of a boiler unit 
with front-arch or rear-arch furnace design. It will 
immediately be seen that the boiler exit gas temperature 
is lower in the case of the rear-arch furnace units, even 
though the base, or saturated steam temperature, is 
higher. The reason for this is that a more uniform gas 
mixture, in which the combustion is completed in the 
furnace, is passing over the boiler heating surface. At 
comparable combustion rates the efficiency is higher in 
the rear-arch units, even though the percentage of under- 
size in the fuel is very high. The true comparable effi- 
ciency of these furnaces is therefore higher than shown 
by these tests, as the basis of comparison should be coals 
of similar ‘‘undersize’’ content. 













































































Fig. 2—Front curtain wall and long rear arch 
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Fig. 3—Combination front and rear arch 


In many installations it is not possible, because of 
space limitations, boiler setting height, etc., to provide 
a full rear-arch furnace. It may therefore be necessary 
to provide a combination-arch furnace similar to the 
one shown in Fig. 3. The results that it is possible to 
secure with this design, approach those obtainable in 
the full rear-arch type of furnace. 


TABLE I 














l. Type of boiler Horizontal water tube 
2. Type of stoker Forced-draft chain grate 
3. Ratio of water-heating to grate 
surface 42.75:1 39.8:1 37:1 37:1 
4. Type of furnace Front arch Rear arch 
5. Steam pressure, Ib. 184.7 102.8 284.6 285.6 
6. Feedwaterenteringboiler,degF 65.4 59.9 197 190 
7. Escaping gas, deg F 518 560 490 505 
8. Steam temperature, deg F 602 605 
9. Kind of fuel No. 3 Buckwheat 
10. Moisture in fuel, % 9.38 10.83 10.44 9.83 
ll. Ash in fuel, % 15.96 14.49 16.97 16.04 
12. Btu per lb dry 12213 12534 11265 11675 
13. Percent undersize in fuel,%  ..... 16.10 40.4 37.3 
14, Combined eff. furn. & boiler, % 72.3 72.64 76.6 74.00 
15. Dry coal per sq ft grate surf, 
per hr lb 27 29.05 25.4 33.3 
16. Per cent rating developed 167 207 177 232 








A further advantage has been gained by the use of the 
rear-arch furnace in that it is possible to apply water 
cooling over the refractory surface. This has the ad- 
vantage of reducing maintenance to a very low figure, 
and at the same time increasing the periods between 
outages occasioned by the necessity of repairing refrac- 
tories. The installation illustrated in Fig. 4 is of the 
water-cooled design. It has operated continually for 
periods of over a year with only one or two days out of 
service to permit routine inspection. 


Burning Coke Breeze 


_ The burning of coke breeze, like anthracite, is prac- 
tically limited to the forced-draft traveling grate stoker. 
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Prior to 1916 this fuel was considered an undesirable 
“fill” around the steel mills. Today, many thousands 
of installed boiler horsepower are equipped with forced 
draft traveling grates on which coke breeze is burned. 

Coke breeze, depending on the process from which it 
results, has a volatile matter content varying from 1 to 
7 percent. By far the larger quantity being burned lies 
in the range of 1 to 2 percent volatile. Because of this 
and also because of its spongy-like structure, it is most 
difficult to ignite. Its abrasive character soon wears 
out screens, crushers and other equipment. The result 
is that the sizing of the fuel reaching the stokers is any- 
thing but uniform. Frequently segregation takes place 
in the bunkers and the stokers then receive a spotty 
mixture which burns out only partially. High carbon 
in ash and low COs, resulting from this condition, indi- 
cate an extremely poor efficiency. This can be corrected 
by installing downspouts to the stoker hoppers which 
uniformly distribute the fuel and minimize segrega- 
tion. 

An important factor in the burning of coke breeze, 
which should not be overlooked, is its sizing. Generally 
specifications call for all the breeze to pass through a 
3/,-in. round hole screen. This is not sufficient as there 
should be some dust present to aid in speeding ignition. 
This dust content should not be less than 20 per cent. 
If it exceeds 30 per cent increased carryover losses will 
result in lowered efficiency. 

Since coke breeze is a low volatile fuel, its action in the 
furnace is similar to anthracite. Similar provisions in 
design must be made to insure prompt ignition and 
uniform mixing of the products of combustion. Fuel 
bed thickness is somewhat greater but the distribution of 
air under the grate is similar to that with anthracite. 

The majority of installations, to date, have been of the 
front-arch design. In some cases, however, a short rear 
arch has been used. This arch extends forward from 
the bridgewall and covers about one foot of the rear end 
of the stoker. With this design it is possible to maintain 
uniformly high COs, provided over-fire air is properly 

































































Fig. 4—Water-cooled rear arch 











applied. This short arch also serves to prevent an 
excessive amount of fines from being carried over. 

In some of the more recent installations the rear-arch 
type of furnace has been used. At first these arches were 
proportioned and arranged the same as for anthracite. 
This design resulted in high refractory maintenance 
because of the excessive furnace temperatures developed. 
By raising the rear arch, thereby lowering the gas 
velocity, this maintenance has been reduced to a reason- 
able figure. The improved results, as to stability of 
ignition and increased efficiency, easily offset the slight 
increase in cost due to the improved design. 

The test results shown in Table II indicate the relative 
performance of boiler units fired with coke breeze, having 
the front- and rear-arch furnace design. Here again we 
see a decided improvement in efficiency due to furnace 
design. 


TABLE II 
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Type of boiler 
Type of stoker 
Ratio of water-heating to grate surface 


Horizontal water-tube 
Forced-draft traveling grate 
43.9:1 * 30.6:1 


moohor | 





4. Type of furnace Front arch Rear arch 
5. Steam pressure in boiler, lb 185 

6. Feedwater entering boiler, deg F 187 178 

7. Escaping gas, deg F 545 565 

8. Steam temperature, deg F 442 395 

9. Kind of fuel Coke breeze———~ 
10. Moisture in fuel, % 12.21 10.38 
11. Ash in fuel, % 16.8 11.04 
12. Btu per lb dry 11750 12620 
13. Percentundersizeinfuel ieee we 
14. Combined eff. furnace & boiler, % 71.32 77.3 
15. Dry coal per sq ft grate surf. per hr Ib 35.3 21.6 
16. Per cent rating developed 20.1 159 











Burning Semi-Anthracite 


This fuel is classified by its volatile content which may 
range from 9 to 13 percent. It has many of the true 
anthracite characteristics. It is relatively difficult to 
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Fig. 5—Combination water-cooled arch 





ignite and burns best when the fuel bed is left undis- 
turbed. It is an ideal fuel for a forced-draft traveling 
grate stoker. Because of the small amount of this fuel 
available in the market, there are only a few installations 
in which it has been used. 

The same principles of furnace design as applied to 
anthracite may be applied to semi-anthracite and the 
results obtained will be comparable. The performance 
shown in Table III for a front-arch type of furnace 
parallels that in Table I. 


TABLE III 











Horizontal water-tube 
Forced-draft traveling grate 
42.4:1 
Front arch 

195 


Type of boiler 

Type of stoker 

Ratio of water-heating to grate surface 
Type of furnace 

Steam pressure in boiler, lb 

Feedwater entering boiler, deg F 196 
Escaping gas, deg F 527 
Steam temperature, deg F 
Kind of fuel 

Moisture in fuel, % 

11. Ash in fuel, % 

Btu per lb dry 12207 
13. Undersize in fuel, % 


put bas es 
to Somrsemosto || 


14. Combined eff. furnace & boiler, % 73.14 
15. Dry coal per sq ft grate per hr Ib 32.2 


16. Per cent rating developed 203 








Burning Bituminous Coal 


Our greatest available supply of coal lies in the bi- 
tuminous classification. Some of these coals are ‘‘free 
burning” and others coking or caking. Generally speak- 
ing, the sulphur and ash contents are high. The fusion 
temperature of the ash is frequently as low as 1900 F 
and clinkering occurs at the slightest provocation. Be- 
cause of these characteristics, the forced-draft chain 
grate is ideally adapted when the “‘free burning”’ varieties 
are used. 

Various forms of grate surface have been tried out. 
Because of the low fusion temperature and the slagging 
action of ash in some of the coals, some types of grate 
surface are heated more than others. The best surface 
has proved to be the link type with an air space of eight 
to twelve per cent. Because of the larger unit mass of 
metal in the link type it is better able to conduct the 
heat away from the fire side of the surface quickly. 
The average temperature of the metal is therefore lower 
and less subjected to burning. With the increasing use 
of preheated air, it is even more necessary that the stoker 
grate surface stand up with reduced cooling effect. 
Another requirement, which the link type fulfills, is that 
the grate surface must be self-cleaning. The shearing 
action of the links, as they pass over the rear sprockets, 
serves to remove any slag which may otherwise adhere 
and in time block the air opening of the grate. 

Because of the high volatile content and long flaming 
character of these coals, larger furnace volumes are 
required than when burning anthracite and coke breeze. 
However, the higher volatile content assures prompt 
and rapid ignition and it is therefore possible to increase 
the height and reduce the length of the arch. Until 
recently the practical limit of rear arches consisted of 
water backs supporting bridgewall overhangs. With 
furnaces of this design it soon became evident that serious 
stratification occurred. Repeated tests demonstrated 
that the gases rising from the front end of the fuel bed 
were rich in CO and lean in CO. Many experiments 
were conducted to determine the correct method of 
undergrate air distribution to overcome this condition. 
Finally, the application of over-fire air proved to be the 
only real solution. In order to secure absolute control, 
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Fig. 6—A successful water-cooled rear arch design for high 
combustion rates 

















it was necessary to provide a small independent fan for 
supplying this air. The application of this air also served 
to correct the tendency of installations of this type to 
smoke. 

A number of furnaces of the combination-arch design 
have been installed and the results have been uniformly 
excellent. In practically all of these installations the 
rear arch is considerably longer than the front arch. 
The air distribution is similar to that used in burning 
anthracite in the full rear-arch furnace. In a number of 
instances, the two arches are water cooled and additional 
cooling surface is also provided to cover a large portion 
of the side walls. Fig. 5 illustrates this design fully. 

Several installations have also been made using the 
rear-arch type of furnace. In one of these a complete 
refractory-lined furnace was used. The arches were 
proportioned and arranged the same as for coke breeze. 
To date, after three and one-half years of continuous 
operation at varying loads, there have been no expendi- 
tures for refractory maintenance. In another installa- 
tion a completely water-cooled rear arch has been in- 
stalled. Predictions were made that ignition failure 
and excessive smoke would result. This particular in- 
stallation, illustrated in Fig. 6, has now been in operation 
for several years. It has burned coal at very high com- 
bustion rates. There have been no violations of local 
smoke ordinances and no expenditures for furnace main- 
tenance. 

A series of test results, Table IV, show the actual 
results obtainable on the front arch and combination- 
arch types of furnace. The coals on these tests are from 
widely separated localities but their burning characteris- 
tics are similar. 

In all of these tabulated tests the furnaces were 
operated without the use of over-fire air. To demon- 
strate the effectiveness when over-fire air is properly 
applied, the following results were obtained on a com- 
bination-arch type of furnace. The essential data are 
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as follows: Escaping gas temperature 608 F; moisture 
in coal 16.56 per cent; ash in coal 15.88 per cent; Btu 
per pound dry 11610; combined efficiency of furnace 
and boiler 78.18 per cent; dry coal per square foot of 
grate per hour 38; per cent rating developed 224. The 
efficiency increase was due to the use of over-fire air. 


Burning Sub-Bituminous and Lignite 


Sub-bituminous coals are commonly known as black 
lignites. They differ from lignites in color and in the 
absence of the distinctly woody texture. 

Lignites or brown coals are new coals. They are coals 
in the process of transformation from peat to sub- 
bituminous. The proportion of carbon is comparatively 
low, while the oxygen and inherent moisture are much 
higher than in true coals. The property of coking is 
usually absent and the ash content is often high. Their 
appearance is often claylike or woody. 

Both the sub-bituminous coals and lignite have a 
decided tendency toward slacking, disintegrating and 
yielding their moisture on exposure to the air. This 
limits their use largely to localities where they are mined. 

The tendency of these fuels to disintegrate is greatly 
accelerated when subjected to temperatures existing in 
boiler furnaces. Because of this action, drifting of the 
fuel bed is a common occurrence. When burned on 
underfeed stokers the entire fuel bed, at time of cleaning, 
may avalanche into the ash pit. The reason for this is 
that there is no tendency for the fuel bed to mat. 

These fuels burn best when left undisturbed. The 
forced-draft traveling grate is therefore best adapted in 
installations where they are to be burned. Since the 
disintegrating quality causes these coals to break down 
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Fig. 7—Furnace designed for burning Texas lignite 











TABLE IV 








1. Type of boiler Horizontal water-tube 

2. Type of stoker Forced-draft chain grate 

3. Ratio of water-heating to grate surface 45.4:1 45.4:1 45.4:1 42.1:1 42.1:1 42.1:1 

4. Type of furnace Front arch Combination arch 

5. Steam pressure in boiler, lb 192.3 192. 188 259.2 261.1 263.3 

6. Feedwater entering boiler, deg F 207 207 207 234 218 232.9 

7. Escaping gas, deg F 636 639 614 551 541 621 

8. Steam temperature, deg F 511 517 494 632.7 585.9 651.1 

9. Kind of fuel Bituminous 
10. Moisture in fuel, % 12.8 3.0 2. 11.38 17.23 17.85 
11. Ash in fuel, % 13.48 15.46 19.2 15.97 15.32 15.24 
12. Btu per lb dry 12,164 12,618 12,167 12,373 11,674 11,859 
13. Combined eff. furn. & boiler, % 74.1 70.0 74.4 73.86 77.84 74.68 
14. Dry coal per sq ft grate per hr lb 42.4 43.6 43.5 32.5 28.4 41.5 
15. Per cent rating developed 222 224 231 211 184 261 








into fine particles, it is necessary to provide a real non- 
sifting grate surface. It should consist of small indi- 
vidual end overlapping elements. The free air space 
provided should be between seven and ten per cent. 
The air supply to the grate should be zoned so that 
accurate control of the air pressure and quantity may 
be maintained. Controllable over-fire air, through the 
ignition arch, should be provided. 

As the inherent moisture content in lignite is high, 
between 20 and 28 per cent, ignition penetration is slow. 
The furnace design must therefore be such as to reflect 
the maximum amount of heat onto the incoming fuel. 
The front-arch type of furnace has been tried a number 
of times. Invariably ignition is slow, the fuel failing to 
light off until it has travelled several feet into the fur- 
nace. This condition results in poor efficiency, due to 
low CO: and high carbon loss in ashpit. Furthermore, 
a combustion rate of 25 Ib per sq ft per hr is most 
difficult to maintain. As the heat value of this fuel is 
very low, the aforementioned condition would require 
extremely large grate surface to develop nominal boiler 
output. 

Several years ago a rear-arch type of furnace was 
designed, and installed, in an attempt to improve oper- 
ating results with lignite. At the same time, an air 
preheater was provided to supply heated air to the stoker 
grates. Operating conditions were immediately im- 
proved. Ignition was prompt and penetrated the fuel 
bed quickly. Combustion rates of 55 to 65 lb per sq ft 
per hr were readily maintained. The CO, at the boiler 
outlet was maintained at between 15 and 16 per cent 
without difficulty. The combustible matter in the ash- 
pit refuse was reduced to a point where it became an 
insignificant factor in the heat balance accounting. 
Efficiencies were comparable to those obtained with the 
best grades of coal. 

A number of units, of similar design, have since been 
installed in other localities. The results, in every case, 
have been uniformly excellent. The unit illustrated in 
Fig. 7 has been in operation at the heating plant of the 
University of Texas for some time. Texas lignite is 
the only fuel burned in this plant. Careful tests to 
measure its performance, have been conducted and the 
results reported in detail.1_ Items from these tests have 





1 See ComsBustTIon, July 1934. 


been extracted along with results from an installation 
burning Dakota lignite and one burning Saskatchewan 
lignite are shown in Table V. On two of these installa- 
tions preheated air is used and is a most valuable aid in 
rapidly igniting the incoming fuel. Loads that vary 
from “live bank’’ to maximum capacity are easily 
carried with uniformly high efficiency. 


Burning Coking Bituminous Coal 


As previously stated, ‘‘free burning’’ bituminous coals 
are ideal ones for chain-grate operation. There has 
been a tendency, at times, to assume that coking bi- 
tuminous coals, can also be burned on forced-draft chain 
grates, with high efficiency. This is not generally the 
case, as these coals have a tendency to mat over the 
grate surface. Soon fissures appear in the fuel bed and 
a large portion of the air for combustion finds its way 
into the furnace, through them. As a result, the fixed 
carbon is not completely burned out and manifests itself 
in the high carbon content of the ashpit refuse. Some 
of these coals, however, if carefully selected as to sizing 
and volatile matter content, may be so burned success- 
fully and with high efficiency. The furnace best adapted 
to their use is of the high front-arch design, with a rear 
arch consisting of water backs supporting an overhanging 
bridgewall. Air over the fire, through the arch, is 
essential. The link-type of stoker should be used to 
minimize overheating of the grate, as the ash content of 
these coals is quite low. Combustion rates up to 40 Ib 
per sq ft may be maintained without excessive ashpit 
losses. Low grate speeds, thick fuel beds burned out as 
quickly as possible, are essential. (CO, may be readily 
maintained between 14.5 and 16 per cent provided some 
furnace water cooling is installed. With CQ, at 14.5 
per cent and a boiler exit gas temperature of approxi- 
mately 500 F, an efficiency of 78 per cent may be obtained 
in daily operation. However, it should be remembered 
that the coal must be fitted to the installation. No 
predictions, as to performance, can be made from either 
proximate or ultimate analyses. Actual operating tests 
are the sole means of judging which coals may be used. 
Because of this, there should be considerable hesitancy on 
the part of any plant owner to install chain grates for 
burning coking varieties of bituminous coals. 














TABLE V 

1. Type of boiler Horizontal water-tube Bent tube 

2. Type of stoker . Forced-draft traveling grate 

3. Ratio of water-heating to grate surface 0.2:1 23.2:1 31.0:1 31.0:1 39.6:1 

4. Type of furnace Rear arch Rear arch 
5. Steam pressure in boiler, Ib 0 147 217 207 103 

6. Av. feedwater entering boiler, deg F 164 105 174 186 185 

7. Escaping gas, deg F 365 338 490 535 578 

8. Steam temperature, deg F 519 488 624 636 405 

9. Kind of fuel Texas lignite N. D. lignite Sask. lignite 
10. Moisture in fuel, % 35.12 33.5 33.2 32.8 36.81 
11. Ash in fuel, % 8. 10.37 78 6 8.3 
12. Btu per lb dry 11,400 10,800 10,708 10,750 10,530 
13. Combined eff. furn., boiler and air heater, % 77.6 80.3 74.2 67. 74.9% 
14. Coal per sq ft of grate per hr (as fired), Ib 26.2 18.7 35 52 46.1 
15. Per cent rating developed, Ib 125 141 182 250 176 








* Unit not equipped with air preheater. 
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ILLINOIS COALS— 


Their Classification and Analyses 


underlain with a coal reserve that is double that of 

Pennsylvania and estimated to be about two hun- 
dred billion tons. The Illinois coal fields, together with 
those of Indiana and Western Kentucky, constitute the 
Eastern Region of the Interior Coal Province. 

Illinois contributes ten to twelve per cent of the bitu- 
minous coal mined in the United States and competes 
with Kentucky for third place in the order of production. 
Table I gives the relative production of several states 
during recent years. Within the state, Franklin county 
in southern Illinois leads with twenty to twenty-five 
per cent as shown in Table II which gives the relative 
production of the principal counties in recent years. 

As in other states, the coal bearing area in Illinois is 
divided into mining districts which are named after es- 
tablished centers of mining activity. At present there 
are eight such districts, the location and extent of which 
are indicated on the map. The names of the districts, 


( ) aa 35,000 square miles of the state of Illinois is 
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Coal producing districts in Illinois 
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By P. B. PLACE 


Combustion Engineering Company, Inc. 


Illinois produces ten to twelve per cent of 
the bituminous coal mined in the United 
States. This coal is produced in eight 
districts within the state. The different 
seams are identified with the trade names 
and the characteristics of the coals are dis- 
cussed, as was done in the previous articles 
of this series which have taken up Ohio, 
Kentucky and Virginia coals. 


the counties included and the principal seams mined are 
listed in Table III. 

All of the Illinois coal seams are found in the Pennsyl- 
vania series of the Carboniferous Age. The series has 
been divided into three coal bearing formations named 
the Pottsville, Carbondale and McLeansboro (top) 
corresponding to the Pottsville, Alleghany and Cone- 
maugh formations of the Eastern Fields. The Potts- 
ville formation is the deepest and lies below the No. 2 
seam. The only coal mined from this formation is the 
No. 1 and its production is so limited as to be of little 
importance. Similarly, the No. 7 seam is the only seam 
mined in the McLeansboro formation and it has a limited 
production as Danville coal in Vermillion county. All 
of the other seams of value are in the Carbondale forma- 
tion which contributes ninety per cent or more of the 
state’s production. Though several seams are found in 
these formations, those of commercial value are the Nos. 
6, 5, 2, 7 and 1 in order of their importance. The No. 6 
and No. 5 seams are also mined in Indiana where they 
are known by the same number and in western Ken- 
tucky where they are designated as No. 11 and No. 9, 
respectively. 

The No. 6 seam is at present the most productive and 
is known by several trade names, some of which are 
given in Table III. The seam is six to ten feet thick and 
is characterized by a thin layer of shale that runs through 
the seam and which has to be separated during mining. 
This strip of shale gives the coal its name ‘““Blue Band.” 
In Franklin county this seam yields a low sulphur coal 
that is suitable for making coke and gas. The ash in the 
No. 6 occurs largely as partings that are separable by 
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TABLE I 
RELATIVE PRODUCTION OF BITUMINOUS COAL 
IN PRINCIPAL COAL PRODUCING STATES 
1929 - 1932 
PER CENT OF TOTAL BITUMINOUS PRODUCTION 
State 1929 1930 1931 1932 
Weet Virginia 25,9 26,0 26.5 ay.V 
Pennsvlvania 26,8 26,6 25.6 24,1 
Tllinois 11,4 11,5 11.6 10,8 
Kentucky 11,3 11,0 10,5 11,4 
Ohio 4.4 4,8 5.4 4,5 
Indiena 3.4 3.5 3.7 4.3 
Alabama 3.4 3.3 3.1 2.5 
Virginia 2,4 2,3 2,5 2,5 
89.0 89,0 88.9 87.8 
TABLE II 
RELATIVE PRODUCTION OF BITUMINCUS COAL 
IN PRINCIPAL COUNTIES OF ILLINOIS 
1929 = 1932 
PER CENT OF TOTAL PRODUCTION OF STATE 
County 1929 1930 1931 1932 
Franklin 24,1 22,1 21,1 20,5 
Perry 4.8 6,1 6.6 9,2 
Saline 6,8 7.3 6.6 me 
St. Clair 4.6 4.6 6.3 6.5 
Macoupin 8.3 8.6 9,0 5.8 
Williamson 8.6 7.9 4.8 5.6 
Vermillion 5,0 5.3 5.6 5.6 
Sangemon oS 6.9 7,9 5.5 
Christian 5,8 6,6 6,5 5.3 
Jackeon 2,6 3,7 4,3 mao 
Ter 78,7 78.3 75.0 








TABLE III 
MINING DISTRICTS IN ILLINOIS 
Coal Seam Mined 


District Counties Included 


Number Name 
Franklin-Williamson Eranklin, Williemson, 6 Williamson 
Jefferson, Perry Frenklin 
Herrin 
Carterville 
Southwestern Illinois Christian, Macoupin, Perry, 6 Blue Band 
Central Illinois Sengamon, St, Clair, Bond, Belleville 
Clinton, Madison, Marion, Standard 
Yontgomery, Voultrie, Montgomery 


Stauntcao 
Grape Creek 


Randolph, Shelby, Washington 


Danville Vermillion, Fdgar 6 Grape Creek 
Peorie-Springfield Fulton, Peoria, Sangamon, 5 Peoris 
Fulton-Peoria Caes, Dewitt, Knox, Logan, Springfield 


No, Illinois 
Rushville 


Macon, Vason, Menard, McLesn, 
Schuyler, Tazewell, Woodford, 


McDonough 

Saline Saline, Gallatin 5 Harrisburg 

Saline-Gallatin Ledford 
Eldorado 

Longwall reav, Zrundy, LaSalle, 2 Third Vein 

Wilmington Marshall, Putnam, Will, le Salle 

LaSalle Woodford Wilmington 

Northern 

Jackson dackeon 2 Big Muddy 

Big Muddy Jackson 
Murphysboro 

Rock Teland Mercer k d, Brown, 1 Rock Island 


Cass, Fulton, Green, Seville 
Hancock, Henry, Jersey, 


Knox, Vorgan, Scott 


Note: The more important producing counties are underlined, 








mechanical methods and the lump sizes of the seam are 
cleaner than the slack. This coal, from Franklin and 
Williamson counties, together with the No. 5 seam from 
Saline county are the typical southern Illinois coals. 

The No. 5 seam is mined in both the northern and 
southern part of the state. In the Peoria district, it is a 
typical northern Illinois coal and of poorer quality than it 
is in the Saline district where it resembles the No. 6 seam. 
The coal is hard and its ash is high. The latter is more 
dispersed than in the No. 6 seam and the coal has a less 
laminated appearance and is harder to clean. 

The No. 2 seam was formerly the principal seam mined 
in the state and the Big Muddy coal (now practically 
mined out) from Jackson county was considered the best 
in the state. The No. 2 is mined in the Longwall dis- 
trict where it resembles the No. 5 seam of the Peoria 
district. 

In general, Illinois coals are classed as free burning 
bituminous. They are high in moisture, ash, sulphur 
and volatile matter: are harder than eastern high- 
volatile coals and mine out in large blocks or slabs. 
They have a characteristic laminated appearance due to 
a banded structure of alternate bright and dull coal. 
Much of the ash occurs as partings deposited on the 
cleavage faces and since these partings crumble and are 
separated easily, the lump, block and larger sizes of 
Illinois coal are cleaner than the slack. Two character- 
istic ash partings in Illinois coals are calcium sulphate and 
calcium carbonate (calcite). The first occurs as thin flat 
white deposits and the second as translucent scales that 
may be removed with a knife or finger nail. The ash is 
classed as low fusion with a melting point generally be- 
tween 1900 and 2100 F. 

Illinois coals are high in volatile matter and burn with 
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a long luminous flame. They are best burned on a 
chain grate stoker or in pulverized form. Though classed 
as free burning, some of the lower sulphur coals of south- 
ern Illinois will form fairly strong coke and are suitable 
for coke and gas making. 

Analyses of Illinois coals are given in Tables IV, V, 
VI and VII. As in previous publications, the analytical 
values are given on a “‘moisture-and-ash-free”’ basis with 
a range of moisture and ash values on an “‘as-received”’ 
basis. The latter are subject to variations due to min- 
ing methods, degree of cleaning and weathering but the 
analytical values for the coal substance are fairly con- 
stant for coals mined from the same seam in the same 
district. Illinois coals have considerable variation in 
sulphur content and analyses are often reported on a 
‘“‘moisture-ash-and-sulphur-free”’ basis to establish the 
basic analytical values. The object of the present series 
of articles, however, is to furnish a guide for setting up 
and checking analyses in the absence of a coal chemist’s 
assistance. The moisture and ash for a given coal can 
be determined with reasonable accuracy in any small 
plant laboratory and the other values may then be cal- 
culated from the ‘“‘moisture-and-ash-free”’ values given 
in the tables. 

Table IV gives typical individual analyses of the two 
principal seams in various counties. These analyses are 
not selected and show the normal variation in coal from 
the same seam and county. Table V gives average 
proximate and ultimate analyses of coals from the prin- 
cipal counties and districts. To convert the ‘‘moisture- 
and-ash-free” values into ‘‘as-received’”’ values for any 
given moisture and ash, multiply by the ratio (100 — 
(per cent moisture + per cent ash)/100). Table VI 
gives average proximate analyses on an ‘‘as-received”’ 





September 1985—-C OMBUSTION 

























TABLE IV 
TYPICAL INDIVIDUAL ANALYSES OF COAL 
MOISTURE-AND-ASH-FREE AS-RECEIVED 
VOLATILE FIXED 
COUNTY AND SEAM MATTER CARBON SULPHUR HYDROGEN CARBON WITROGEN OXYGEN BTU/IB MOISTURE ASH 
NO. 6 SEAM ~ FRANKLIN COUNTY 39.0 61.0 1.9 5.2 81.1 1.8 9.9 14450 9 93 
41.5 58.5 1.2 5.2 $1.2 Rai 10.7 14475 s 10 
40.5 59.8 1.8 5.4 80.7 Rel 10.3 14555 9 11 
7-3 62.7 0.6 me ry 1.8 12.3 14225 8 10 
1.0 .0 33 i 81. 1.8 10.0 14470 g 
avenacz 639.8 4 1.3 +3 21.0 wr ON ATS a 11 
NO, 6 SEAM - WILLIAMSON COUNTY 39.1 60.9 3.1 5.2 80.8 1.2 9.7 14395 12 11 
39.0 61.0 3.1 5.3 80.7 1.4 9.5 14580 15 10 
38.7 61.3 2.0 5.2 81.4 1.6 9.8 14615 8 7 
39.2 2 ry 5.3 81.3 ) 9.2 14575 7 11 
36.1 , 1 5.2 $2.1 1.8 9.5 14590 g 11 
AVERAGE = 38.5 61.5 2.4 5.3 81.3 1.5 9.5 10550 7-15 Tell 
NO. 6 SEAM - MACOUPIN COUNTY 47.1 52.9 5.3 5.6 77.5 $a 10.3 14270 13 10 
47.7 52.3 5.2 5.6 77.6 25 10.3 14310 13 10 
43,7 56.3 5.4 5.3 77.1 1.4 10.9 14030 14 13 
7 ~ 5.1 17-6 1.5 10.4 13980 13 9 
¥ 50.4 8 5.4 76.6 1. 13930 12 13 
AVERAGE 7.3 52.7 $4 5.5 71.3 i 10 ¢ He l2els = 5-13 
NO. 5 SEAM - SALINE COUNTY 40.0 60.0 2.8 5.3 80.4 Rell 9.7 14820 7 8 
39.3 60.7 3.5 5.2 79.3 1.6 9.9 14690 9 11 
37.3 62.7 1.9 5.3 82.6 1.6 8.6 14755 6 8 
— 59.8 3.4 2-3 80.2 1.5 9.6 i ; 8 
Qo. , .0 . $1.9 er 1:9 14610 Sa * 
AVERAGE §=— 939 ¢ a+ 33 4 81.0 16 3.2 725 5-9 li 
NO. 5 SEAM - PEORIA, SANGAMON, 47.2 52.8 4.2 5.6 79.5 1.5 9.2 14350 4 11 
FULTON, LOGAN, 48.5 51.5 5.4 5.5 77.6 1.5 10.0 14950 13 10 
TAZEWELL COUNTIES 48.0 52.0 44 5.4 79.3 1.5 9.6 14190 15 11 
48.6 oy Me 5.4 79.0 1.5 9.5 wen 14 12 
47.4 52. . 5.5 13.0 1.5 : 14240 15 9 
AVERAGE wg 52.1 ‘% 5.5 79.0 1.5 44 Tic 115 09-12 
TABLE V 
AVERAGE ANALYSES OF ILLIWOIS Coals 
MOISTURE-AND-ASS-FREE AS-RECEI VED 
_ + VOLATILE FIXED 
DISTRICT AND COUNTY MATTER CARBON SULPSUR HYDROGEN CANSON NITROGEN OXYGEN BTU/LB MOISTURE ASH 
FRANKLIN-WILLIAMSON - NO. 6 COAL 
FRANKLIN 39.3 60.7 1.3 5.2 81.6 37 10.2 14430 7-10 7-12 
prone 33-3 3 a 5-3 81.1 1.6 9.4 — 815 7-12 
IN 1.8 53 1.6 5.4 $1.2 1.3 19.0 4460 21 6-10 
averacs 40.2 59.8 1.8 5.3 $1.3 1.7 3.9 W450 -15 “6-le 
SOUTHWESTERN ILLINOIS - NO. 6 COAL 
ST, CLAIR 48,1 51.9 5.4 5.5 77-7 1.3 10.2 914145 Ge 5 10-16 
MACOUPIN 47.1 52.9 5.3 5.5 77.2 1.4 10.6 14100 12-16 8-16 
SANGAMON 47.3 52.7 5.5 5.4 77.5 1.5 10.1 14125 12-16 11-14 
CHRISTIAN 47.9 52.1 5.1 5.6 77.5 1.5 10.4 14090 10-12 9-11 
MADISON 47.9 52.1 5.5 5.5 77.3 Rad 10.4 14080 10-18 8-18 
MONTGOMERY 47.4 52.7 5.6 5.4 77.4 1.5 10.1 13980 10-12 9-11 
PERRY 45.7 54.3 4,2 5.2 78.4 1.5 10.6 14060 10-17 Tell 
MARION 43-9 bong Sy 5.5 78.3 1.5 9.8 = 9-12 Co 
BOND 54.5 s 18.8 10.1 1 10-12 9-11 
amor W038 SETCiED m *RM el 
DANVILLE - NO. 6 COAL 
VERMILLION y.5 53.5 2.8 5.4 80.1 1.6 10.1 14320 10-17 7-11 
PEORIA-SPRINGFIELD - NO. 5 COAL 
SANGAMON 43.3 51.7 a 5.5 78.6 1.5 9.1 iho 11-16 10014 
FULTON 43.0 52.0 4 5.4 79.3 1.5 9.6 14190 12-16 7-11 
PEORIA 46.2 53.8 4,2 5.6 79.5 1.5 9.2 143h0 10-13 S11 
MACON we? =) wa 3-5 77-9 a 10.8 — a 9-11 
LOGAN " ¥ 5.4 79.0 1.4 9.2 1 12-1 10-12 
averace 47.4 BE 3 5.5 78.9 1.5 9.5 18200 10-1 “Ja=1G 
SALINE-GALLATIN - WO. 5 COAL 
SALINE 39.8 60.2 3.0 5.4 81.3 1.7 8.6 14680 4=10 7-12 
LONGWALL - NO. 2 COAL 
BUREAU 50.3 49.7 3.8 5.4 78.5 1.4 10.9 1 14-18 5-10 
LASALLE 49.8 50.2 4.4 5.7 18.0 1 10.6 14 11-15 6-12 
AVERAGE 50.0 50.0 at 5.5 78.3 ae 10.7 14295 11-18 ll 
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TABLE VI ; 
AVERAGE PROXIMATE ANALYSES OF ILLINOIS COALS 
(aS-RECEIVED BASIS) 
SEAM VOLATILE FIXED 

COUNTY no, LOISTURE ASH MATTER CARBON SULPHUR BTU/LB 
FRANKLIN 6 9,1 8.8 33.5 48.6 1.4 11815 
WILLIAMSON 6 8,1 9.3 33,5 49.1 2.2 11550 
PERRY 6 10.1 10.) 344 45.4 2,1 11310 
AVERAGE 9,1 9.4 33,8 47,7 1.9 11560 

ST, CLAIR 6 11.2 11.0 38,0 29,8 3.7 10920 
6 13.4 9.9 37.3 39.4 4.0 10750 

6 14,1 10,0 36.8 39.1 4.2 10640 

6 12,5 10.3 27.1 40.1 3.9 10865 

6 13,1 12,5 35.6 43.8 3.7 10655 

6 13,5 10.8 35.0 40.7 3.9 10650 

6 9.9 11,0 36.6 42.5 3.5 11030 

6 10,4 11,2 36.5 41.9 4,0 11155 

6 12,0 19.3 35.1 42.6 3.4 10805 

6 12.4 10.3 34,8 42.5 3.5 10870 

6 7,0 11.5 39,2 42,3 4.0 11380 

RANDOLPE 6 9.7 1.4 36,9 42,0 3.9 11045 
WASHINGTON 6 0.3 12 2s 38,4 29.6 4 10960 
AVERAGE 11,5 10,9 36,7 40,8 3.8 10945 

VERMILLION 6 14.8 9.4 25,7 40.4 2.3 108§5 
SANGAMON : 13.9 10.8 36.4 38,9 4,0 10650 
FULTON $s 15.7 11,2 35.5 37.6 3.2 10470 
FEORIA 5 14,2 12,0 74,2 29.6 3.3 10655 
MACON 5 13,7 9.8 36.3 40,2 3.5 10775 
LOGAN 5 14,2 11,3 35.1 39.4 3.3 10595 
TAZEWELL 5 15.1 9.5 36,0 39.4 3.2 10735 
MENARD 5 17.3 8.2 35.9 38.6 34 10509 
MCLEAN 5 13.3 12.5 38.0 36.2 3.2 10580 
AVERAGE 14,7 10,7 35.9 28 3.4 10615 

SALINE 5 €.1 5 24.4 51,0 2.8 12520 
GALLATINE 5 4.6 194 80h 42.2 3.4 12548 

AVERAGE 5,3 34.8 50.4 3.1 1253 

BUREAU 2 16.3 7.4 23.3 23.0 2.9 10885 
LASALLE 2 14.6 3,2 38.2 29.0 3.2 11020 
GRUNDY 2 17,2 5.3 28.5 39,0 2.3 11115 
AZSHALL 2 15.0 os | 6k 38.7 2.8 318 
15. 7.0 33.5 38,7 2.6 11985 

JACKSON 2 3.5 7.1 24,4 50.0 2.3 12370 











basis for coals from the principal counties and districts, 
the moisture and ash values being typical of mine 
samples. 

The Illinois coal field has not been greatly disturbed 
by upheaval of its rock formation and consequently the 
coal seams do not show the local results of pressure and 
carbonization that are common in the eastern fields. 
In general, the quality of the Illinois seams increases 
from north to south and the coals are often classified as 
“northern Illinois’ and ‘‘southern Illinois’ without 
further identification of seam or county. In Table VII 
typical analyses of a northern and southern Illinois coal 
are given on an as-received, dry and moisture-and-ash- 
free basis. These values are averages for the districts 
and coals listed, approximately weighted on a production 
basis. When the exact source of the coal is not known, 
it may be often identified as a southern or northern coal 
by its sulphur content, volatile content and physical 
appearance. 


TABLE VII 
AVERAGE ANALYSIS FOR NORTHERN ILLINOIS COAL 
MOISTURE-FREE MOISTURE-AND 
AS-RECEI VED OR DRY ASH-FREE 
DISTRICTS 
Southwestern Illinois, M 12,0 - - 
Feoria-Springfield, A 9,0 10,23 - 
Longwall, Rock Island Vol, 37,60 42,73 47.6 
F.C 41.42 47.04 82,4. 
100,00 100,00 100,0 
Soale No, 6, 5, 2 and 1 s 3.79 4.31 4.8 
H 4,27 4,85 5.4 
c 61,78 70,20 78,2 
N 1,10 1,25 1.4 
te) —-8.06 —-2018 10,2. 
79,00 89,77 100,0 
ywru 11185 12710 14160 
AVERAGE ANALYSIS FOR SOUTHERN ILLINOIS COAL 
DISTRICTS 
Franklin-Williameon, M 9,0 - - 
Danville, Saline, Jackson A 8,0 8.79 - 
Vol, 33,86 37,21 40,8 
F.C. - 94.00 29.2 
100,00 100,00 100.0 
Coals No, 6, 5 and 2 3 1,91 2,10 2,2 
H 4,48 4,92 5.4 
c 67,40 74,07 81,2 
N 1,41 1,55 1,7 
0 7,80 8,57 204 
83,00 91,21 100,0 
BTU 12060 13250 14530 











The analyses and description of Illinois coals are given 
in further detail in several publications of the Illinois 
Geological Survey and the United States Bureau of 
Mines. The following are recommended for reference: 


Illinois Coal by A. Bement 1929 

Bulletin No. 56 Illinois Geological Survey 
Analyses of Illinois Coals by G. W. Hawley 1923 
Bulletin No. 27 Illinois Geological Survey 





George E. Seabury, superintendent of the station 
engineering department of the Edison Electric Illu- 
minating Company of Boston has retired. Prior to his 
twenty-three years service with that company he had 
been in the construction and steam turbine departments 
of the General Electric Company. 


Sponsored by Mayor La Guardia of New York the 
Board of Estimate has approved a bill calling for a 
municipal power plant referendum at the November 
election. The project if carried will cost approximately 
$45,000,000. 








CHRONILLOY ELEMENTS 


HOW MUCH IS IT COSTING you to 
maintain the SOOT CLEANER ELE- 
MENTS in the HIGH TEMPERA- 
TURE positions of your boilers? Here 
is an element sold with an 18 
MONTHS SPECIAL UNQUALI- 
FIED SERVICE GUARANTEE. 
COST MORE? Yes, but 


WHAT SERVICE LIFE! 4067 Park Ave. 








THE BAYER COMPANY cheap imitations may be of- 


St. Louis, U.S. A. 


BALANCED VALVE-IN-HEAD 


FIRST QUALITY IN DESIGN, 
WORKMANSHIP AND MATERIAL. 
Back of this IMPROVED SOOT 
CLEANER HEAD lies years of study 
to make it trouble free and give de- 
pendable service day after day. 
Analyze before you buy as 


fered. 












September 1985—C OMBUSTION 








STEAM ENGINEERING 


ABROAD 


As reported in the foreign technical press 


Embrittlement Tests for Turbine Steels 


With a view to determining the resistance to embrittle- 
ment of several steels widely used for disks, studs and 
bolts in British turbine practice, which in service are sub- 
jected for long periods to temperatures of about 450 C, a 
series of tests were recently conducted in an electric fur- 
nace approximating these conditions. The results are 
discussed by D. A. N. Sandifer in the July 26 issue of 
Engineering. 

The steels selected are known by the trade names of 
Durehete, Tormance Major, Tormanc and Tormol and 
have the following composition: 


Tormanc 

Durehete Major Tormanc Tormol 
C% 0.5 0.31 0.33 0.32 
Mn% 0.6 1.3 1.34 0.56 
Si% 0.237 0.165 0.171 0.239 
S% 0.035 0.033 0.034 0.036 
P% 0.037 0.035 0.034 0.031 
Ni 0.08 wn a 2'64 
Cr 1.16 ane 0.71 
Mo% 0.59 0:2 0.49 


The obvious test for brittleness was the Izod impact 
test and the variables were the period of soaking at the 
above temperature and the temperature at which the 
steels were tempered. Two groups of tests were carried 
out the first on all four steels oil-tempered at 575 C and 
the second group on all four steels tempered at 600 C. 
The steels, in the order given, were oil hardened at 850 C, 
840 C, 830 C and 830 C, respectively. 

The steels Durehete, Tormol and Tormane Major all 
contain molybdenum and all were unaffected in their 
Izod values for the tempering temperatures considered, 
whereas Tormanc which contains no molybdenum, suffers 
serious embrittlement for both the tempering tempera- 
tures. It has been suggested that the presence of man- 
ganese may tend to produce embrittlement especially if 
the amount is more than one per cent although a very 
small percentage of molybdenum will tend to counteract 
this. The results on Tormane Major containing practi- 
cally as much manganese as Tormanc with the addition of 
0.2 per cent molybdenum, demonstrates this point. 


Accumulations Rendered Low-Water 
Alarm Inoperative 


Engineering of August 9th summarizes some reports of 
investigations by the British Board of Trade into boiler 
explosions and failures. One case is of particular interest 
as indicating that low-water alarms, while appliances of 
proved utility, may be a source of danger if relied upon to 
the exclusion of indications by the water gages. In this 
case a Stirling boiler, fitted with safety valves set to blow 
at 200 lb, had two gage glasses and a high-and-low water 
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alarm of the balanced-float type. The boiler always 
showed a tendency to prime when worked hard and there 
was apparently difficulty at times in maintaining the 
proper water level. A tube suddenly ruptured and ex- 
amination showed that other tubes were swollen or 
sagged, that the front drum had sagged 5/1. in. and that a 
number of tube holes were distorted. This led to the con- 
clusion that there had been over-heating due to shortness 
of water although the feed and the gage glasses were 
found in satisfactory condition. It was subsequently 
found that through foaming and priming deposits had 
collected on the high-water float to such an extent that it 
required over three pounds on the low-water float to 
effect a balance when the boiler was empty. Under these 
circumstances the low-water float was unable to fall with 
the water level and for all practical purposes the alarm 
was inoperative. 


Water Softening on the ‘“Queen Mary”’ 


The 73,000-ton Cunard-White Star liner ‘Queen 
Mary” which is now nearing completion will have its 
boiler feedwater conditioned by a combined lime and base 
exchange plant operating on the dual principle with 
quartz pressure filters. According to Engineering and 
Boiler House Review for August, this plant will have 
capacity to handle 300 tons of makeup water per hour. 
It will include two 4-ft diameter sand filters, which will be 
cleaned at intervals by means of a steam ejector, and two 
base exchange units operating with ‘““Basex’”’ material to 
give zero hardness with no alkalinity. 


Employs Steam Compressor on Heating 
System 


Zeitschrift des Vereines deutscher Ingeneuire for June 22, 
1935, contains an interesting description of a steam com- 
pressor installation employed by the central steam heat- 
ing system at Braunschweig, Germany, for maintaining 
the desired pressure in the heating mains at periods when 
the power demands on the bleeder turbines make it diffi- 
cult to maintain the desired extraction pressure. In- 
asmuch as the electrical load on the turbines does not coin- 
cide with the demands on the heating system there were 
periods during the day when the greater part of the heat- 
ing demand had to be met by live steam throttled to the 
distribution pressure. By installing the steam com- 
pressor the extraction steam and exhaust from the auxil- 
iaries is boosted to the desired pressure and the supply of 
live steam is greatly reduced. It is pointed out that the 

(Continued on page 34) 
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BOILER ALARMS 
All Ready to Go to Work 


—no assembly —no adjustments 
—no tinkering —no uncertainty 


ELIANCE Low and High water alarms are so 

sensibly designed, so simple and positive in 
their operation that they are shipped from the factory 
completely assembled, ready for installation. No 
factory service man needed. 


Yet they are so alert and sensitive that they re-act to 
changes of boiler water level nearly 4 times as quickly 
as any other type. They are truly instantaneous— 
as a safety device should be. 


At every point they are built of the finest metals for 
the purpose. Reliance Fused 
Monel Floats are guaranteed 
literally unsinkable in their 
service. 


For real boiler safety, specify 
Reliance. 


is 
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The Reliance Gauge 
Column Co. 


5942 Carnegie Ave. 
Cleveland, Ohio 


1 cnsan wate 20 200 6 ove 
SAFETY WATER COLUMNS 


PO SAFETY *! 











EVERY UNIT HEATER 
Needs this 3d Control 


VALVE to control the admission of steam and a 
switch to control the operation of the fan are 
prime essentials in a satisfactory unit heater. But 
the rapid condensation of steam that takes place in 
these heaters creates another need—for an efficient, 
automatic trap to control the removal of water and 
air from the radiation space without loss of steam. 
An Armstrong trap meets this need exactly. It’s 
the original inverted bucket trap—the type now 
rapidly becoming universal for industrial use. It 
embodies the improvements developed during a 
antag of ane ae in trap design and manu- 
acture. It’s free-floating valve lever mechanism in- 
sures practically frictionless operation. The auto- 
matic air by-pass which can be supplied in any 
Armstrong trap makes it really a ‘blast’ trap. 
This advantage is obvious when sudden changes in 
outside temperature call for quick heating results. 
The Armstrong Steam Trap Book gives complete 
data on selection of traps for this and all other 


standard uses for traps. Ask for it. 
ARMSTRONG MACHINE 
WORKS 


814 Maple St. 
Three Rivers, Mich. 














(Continued from page 33) 
efficiency of the compressor is extremely high as all losses, 
except radiation are returned as useful heat as is also the 
exhaust from the turbine driving the compressor. 


Labyrinth Valve Seat 


Manufacturers of valves in Germany are still actively 
engaged in finding better solutions for making valves 


with closure means 
‘a Ss " which form a positive 
aig 





seal. Valve seats 
which form the seal 
are subject to slow 
progessive wear by the 
cutting action of the 
flowing steam and this 
action is amplified by 
the presence of solid 
particles entrained by 
the steam, such as 
scale, silica, slime and 
the like. To overcome 
such objectionable 
cutting action one 
manufacturer has in- 
troduced a throttling 
valve as shown in the 
accompanying illus- 
tration, reproduced 
from the June issue of 
Archiv fur Warmewirt- 
schaft und Dam pfkes- 
selwesen. Ahead of the valve seat there is provided 
a labyrinth path which reduces in steps the energy of 
the flowing steam and therewith its velocity, particularly 
at the first opening movement of the valve. The laby- 
rinth corrugations are formed on special metal parts 

















Cross section through valve 


_ which are respectively mounted on the valve stem and 
_ in the valve body. 


_An Unique Method of Low-Temperature 





Carbonization 


The Steam Engineer (London) describes two new proc- 
esses of low-temperature carbonization developed by J. 
Stanley Morgan. One of these is of particular interest in 
that it is primarily intended for use in conjunction with 
large boilers fired by traveling grate stokers. 

In general, the method provides for running the stoker 
of one boiler at a very much higher speed than normal, 
about three times as fast, so as to deliver incandescent 
coke from the rear end containing 10 to 12 per cent volatile 
matter instead of ash and clinker. This red hot material 
is then mixed in a rotary mixer with raw coal in the pro- 
portion of two or three parts of coked fuel to one part of 
coal, so as to give a very rapid low-temperature carboni- 
zation effect, with discharge of the gases and vapors to a 
by-product plant. The coked fuel is then burned on the 
traveling grates of the adjoining boilers. The gas is said 
to be extremely rich having a heating value of 800 to 1000 
Btu per cu ft. 
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Velox Boilers for Oslo Steam Station 


The city of Oslo, Norway, has long had a municipal 
steam power plant to supplement the supply of hydro 
power, both as a standby and for peak-load service. In 
recent years the load has increased and has now reached a 
maximum of nearly 100,000 kw. In view of this it has 
been decided to extend the steam plant by the addition of 
30,000 kw generating capacity. Steam for the new unit 
will be furnished by two Velox steam generators each hav- 
ing an hourly evaporative capacity of 150,000 lb of steam 
at a pressure 400 lb per sq in. and approximately 800 F. 


The extension, including turbine-generator, boilers, auxil- | 
iaries, transformers and stitching devices will be accom- | 


modated in a floor space of 65 by 78 ft. 
lent to 1.69 sq ft per kilowatt. 
August 1935. 


This is equiva- 
The Brown Boveri Review, 


A group of individual power plant owners and opera- | 


tors has incorporated “‘The Electric Plant Owners 
Association of New York City”’ for the promotion of their 
common interests; to take measures to obtain fair and 
reasonable rates; to exchange information among mem- 
bers; and to represent the members when necessary 
before local and state governmental bodies. It is obvi- 
ous that many problems are likely to arise in which the 





exchange of information and cooperative effort will be | 


helpful and will accomplish results unattainable through 
individual effort. 


| “{ FP BLOWER 
, A Wel Depend ble» 
























VULCAN SOOT BLOWER 
CORPORATION 
© Pennsylvania 





“Du Bois 
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... the better 


FLEXIBLE 
COUPLING 


It gives full compensation for the un- 
avoidable errors in alignment or those 
caused by changes of temperature, wear 


of bearings, vibration, etc. 


It also per- 


mits free lateral float to connected shafts, 
and prevents torsional motions. 


Stronger than the connecting shafts. 
Capable of sudden reversals at high 
speed or heavy duty, slow speed drives 
without strain to the coupling or the 


machinery it connects. 


Simple in design, 


no springs, pins or bushings, self-aligning, 
silent and vibrationless at all times. 


Exclusive features and improvements 
found in no other coupling distinguish 
the POOLE FLEXIBLE COUPLING 
as the superior product in its field. 


Get the Real Facts. Write for our 
Catalog No. 34. No obligations. 


POOLE FOUNDRY 
& MACHINE CO. 


BALTIMORE, MD. 





























GLOBE 


Tonean lron Seamless Tubes 
for Increased Corrosion Resistance 


Made by 


THE FOREN PROCESS 


GLOBE STEEL TUBES CO. 


60 East 42nd St., New York City 


Milwaukee, Wis. 























SPECIAL FEATURES 


Designed for High Pressure 
Service. 


Eliminates Joints. 


Bodies Machined from Solid 
Block Steel. 


Anum-Metl Seats and Discs, 
(Guaranteed to stay tight for one 
year). 

Can be Packed under Pressure. 


Easily Opened and Closed. 


PACKED WITH SUPERHEAT 
PACKING 


...studded type gland. 
Yoke bolted to body with 
special high temperature 
studs. Thread of Stainless 
lron Stem operates through 
a renewable bronze bushing 
in the top of the yoke. 


1392 





WEST THIRD 


STRONG EVERTYTE 


BLOW-OFF VALVES 





This Combination Type Blow-Off Valve was pioneered 
by The Strong, Carlisle and Hammond Company 


THE STRONG CARLISLE“ HAMMOND GO: 





STREET...CLEVELAND, 


TEMPERATURE AND 
PRESSURE SERVICE 


Strong Evertyte Blow-Off Valves 
are available either in the Straightway 
angle, or Combination Type (combina- 
tion shown in illustration). Designed 
to meet the most exacting requirements 
of high pressure and high temperature 
service. Seats insured against cutting 
in service. 


Superheat stem packing may be re- 
newed under pressure. By screwing 
stem all the way out, a joint between 
stem and gland is formed which shuts 
off pressure from packing chamber. 


Block steel valves are built for steam 
pressures up to 1500 pounds and tem- 
peratures of 800° F. Semi-steel blow- 
off valves with same features furnished 
for lower pressures. For further infor- 
mation, call in a Strong representative 
or ask for Bulletin Number 100-C. 


Manufacturers of ‘‘Strong’’ Steam Traps 
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REVIEW OF NEW BOOKS 


Any of the books reviewed on this page may be secured from 
Combustion Publishing Company, Inc., 200 Madison Ave., New York 





Generating Stations 
(Second Edition) 
By Alfred H. Lovell 


This is the second edition of Professor Lovell’s book 
which appeared originally in 1930. In the intervening 
period there have been some developments in the physi- 
cal aspects of station design, notably in the further 
application of the mercury-vapor-steam cycle, some new 
steam turbines of special interest, large scale hydro proj- 
ects by the Federal Government, further applications of 
high steam pressures and high voltage for long-distance 
transmission. These are covered in the present edition, 
but the major change calling for revision has been in the 
economic situation which receives extensive attention and 
has been brought practically up to date by the inclusion 
of statistics through 1934. 

The book does not attempt to go into much technical 
detail with regard to the design of power stations, but 
does give an excellent exposition of the economics under- 
lying such design and deals at considerable length with 
the problems of central station management. Among 
the subjects covered in this respect are: Principles of 
Corporate Finance; Cost of Stations; Depreciation and 
Obsolescence; Load Curves; Power Plant Location; 
Power Distribution Systems, etc. 

The author shows a rather intimate knowledge of 
central station problems and the book should appeal 
particularly to executive engineers in that field. 

The book contains 438 pages, 6 X 9, fully illustrated 
and bound in cloth. Price $4.50. 


Corrosion—Causes and 
Prevention 

(Second Edition) 

By Frank N. Speller 


This is the second edition of this important treatise, 
first brought out in 1926. In the intervening period 
much research has been conducted by various bodies and 
individuals on this world-wide problem and many 
reports have been published. The most important of 
these have been reviewed in preparing the present edi- 
tion, and the text has been revised to bring it in line with 
present knowledge on the subject. The form of treat- 
ment and classification of factors and types of corrosion 
followed in the first edition has been continued in this 
edition. In order to keep the size of the volume within 
reasonable bounds, the older sections in many cases have 
been condensed or omitted where better data are now 
available. Therefore, the first edition may still be used 
in conjunction with this edition for reference on certain 
subjects. The mechanism of corrosion is discussed in 


detail and the practical application of preventative mea- 
sures is included. Among the more important topics 
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considered are the influence of manufacture, the influence 
of internal and external factors, methods of corrosion 
testing, the prevention of corrosion in the atmosphere, 
underground and under water, deactivation and deaera- 
tion, and stray-current electrolysis. 

From the viewpoint of the power engineer, the ex- 
tensive chapter on the prevention of corrosion in high- 
pressure steam plants will prove most informative. 
Here are discussed at length feedwater treatment, the 
corrosion of economizers, feedwater heaters, turbines and 
piping. General precautions on the care of boilers, 
steam heating and hot-water heating are included. 

The book contains nearly 700 pages, 6 X 9, bound in 
cloth. Price $7.00. 


Mechanics of Materials 
By S. G. George and E. W. Rettger 


This is a simple yet comprehensive treatment of ele- 
mentary mechanics of materials, written primarily for 
students in engineering. The book, although presup- 
posing a limited knowledge of calculus, should also serve 
as a convenient reference for the practicing engineer who 
may be a bit rusty in this branch of mathematics. Refer- 
ences are also given to more advanced treatises on the 
subject and the arrangement of the text is such that any 
or all of the advanced topics may be eliminated without 
loss of sequence in the more elementary portions. One 
of the distinctive features of the book is the inclusion of 
material on the slope-deflection method for finding the 
deflection of a beam and the reactions of a statically 
intermediate beam. 

This book contains 483 pages, 6 X 9, illustrated, cloth 
bound. Price $3.75. 


Power Operator’s Guide 
Compiled by E. J. Tangerman 


This is a compilation of short practical ideas relating 
to power plant operation that have appeared over a 
period of years in Power under the titles of “Ideas from 
Practical Men” and ‘“‘Right out of the Plant.’”’ These 
selected communications from readers have been ar- 
ranged in suitable groups under the following chapter 
headings: Fuels, Firing, Furnaces and Combustion; 
Feed Water-Handling, Treating and Heating; Boilers, 
Superheaters, Soot Blowers, Air Preheaters, Blowdown; 
Engines; Turbines and Condensers; Electricity; Oil and 
Gas Engines; Pumps; Air Compressors; Gages and 
Meters; Mechanical Transmission; Bearings and Lubri- 
cation; Piping, Valves and Fittings; Building Services— 
Heating, Ventilating, Air Conditioning, Hot Water; 
Refrigeration; Water Power; Elevators; Tools; Miscel- 
laneous. 

This book contains 568 pages, size 6 X 9, including 
comprehensive index. Cloth bound. Price $4.00. 
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NEW EQUIPMENT 


of interest to steam plant engineers 





New Mechanical Flow Meter 


The Bristol Company, Waterbury, 
Conn., has brought out a new flow meter 
for controlling, indicating, recording and 
integrating the flow of steam, water, oil, 
gases and other liquids. The orifice and 
mercury manometer system of flow mea- 
surement is employed and the flow con- 
trollers employ the well-known free-vane 
system of air-operated control. The in- 





tegrator is so designed as to eliminate the 
need for friction contacts, and friction 
clutches check valves, operating by grav- 
ity, prevent the loss of mercury. 

The meters are built for working pres- 
sures up to 1000 lb per sq in. and special 
bodies for pressures up to 3000 Ib per sq 
in. are available. The recorders can be 
furnished with pressure and temperature 
elements and the integrating flow meters 
with or without automatic compensation 
for fluctuations in static line pressure. 
They can be used with either orifice plates 
or venturi tubes and can be supplied for 
remote reading. 


Bowl Mill Embodies New 
Features 


A radical departure from conventional 
types of pulverizers is represented by the 
Raymond Bowl Mill just announced by 
Combustion Engineering Company Inc., 
New York. This machine has been under 
development for a considerable period and 
has been subjected to extended service 
tests including nearly a year’s commercial 
service in one of the well-known utility 
plants. Its design makes for low friction 
losses, hence low power consumption, quiet 
running, and low maintenance, because of 
no metal-to-metal contact between the 
bowl and the rolls. Adjustment may be 
made from the outside while the mill is 
running. These two last mentioned points 
make for high availability. The speed is 
constant with the output controlled by 
varying the rate of feed and the mill power 
is almost directly proportional to the load. 
The mill is adapted both to direct firing 
and to storage systems. 

The unique feature of the mill is a re- 
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volving bowl, or grinding chamber. Due 
to centrifugal force the coal, which is 
ground between the reduction rolls and the 
grinding ring, works its way up the walls of 
the bowl. As the ground particles reach 
the rim, the fines and intermediate sizes 
are picked up by the air current coming up 
from the annular spaces around the bowl 
and are carried into the separator above 
for further classification. As the finished 
material is separated out, the oversize par- 
ticles drop back and re-enter the mill with 
the raw feed. 

The rolls are held in a fixed position by 
the heavy journal heads supported on 
trunnions that rest on the top plate of the 
mill. Clearance between the rolls and the 
revolving bowl may be adjusted from the 
outside while the mill is running. The 
journal heads are connected through arms 
to roll pressure springs and adjustment 
rods mounted in cast-iron lugs outside the 
mill casing. By adjusting these compres- 
sion springs the grinding pressure can be 
controlled to suit the requirements of the 
coal while the mill is running. 

The bowl revolves on a vertical shaft, 
mounted on roller bearings and is driven 
through a worm gear by a horizontal main 
shaft, direct-connected to a _ constant- 
speed standard motor. The vertical shaft 
and bearings are outside the grinding com- 
partment and are lubricated by a continu- 
ous circulation of oil. 

The mill parts are protected from dam- 
age resulting from tramp iron or ungrind- 
able material by a positive means of dis- 
posal. The pressure springs allow pieces of 
iron to pass the rolls without injury, and 
when the tramp iron reaches the top of the 
bowl it is thrown into the annular space 
below and expelled by revolving plows 
through a discharge. 

For coal grinding and firing, the Bowl 
Mill is equipped with an air separator and 
automatic feeder, both mounted on the top 
plate. The exhaust fan is driven from an 
extension of the horizontal main shaft, so 
that one motor drives the fan and the mill. 





Hot air may be passed into the grinding 
chamber when necessary for drying the 
coal. 

An outstanding advantage of the Bowl 
Mill is its ability to give uninterrupted op- 
eration over long periods without shut- 
downs. Every detail and function of the 
mill is designed for endurance; an unfail- 
ing lubrication system, in which all moving 


parts can be oiled from the outside while 
the mill is running oversize shafts mounted 
on high class bearings; exterior provision 
for adjustment of face alignment of rolls to 
compensate for wear; simplicity of design 
with few wearing parts and these of extra 
rugged construction. 

The Bowl Mill is ideally adapted to di- 
rect firing as it runs at constant speed and 
the output is controlled by varying the 
rate of feed by means of the variable trans- 
mission on the automatic feeder. 


Combination Float and 
Thermostatic Trap 


The American District Steam Com- 
pany, North Tonawanda, N. Y., is placing 
on the market a new steam trap of the 
combination float and thermostatic type, 
in which the entire working mechanism is 
mounted on the cover, with all piping 
connections on the body. The cover and 
working mechanism may be removed for 
inspection and cleaning without dis- 
turbing the piping connections. Other 
features are, that it has a reversible valve 
and seat and is made of stainless alloy 
steel. If the valve and seat show signs 





of wear, it is the work of but a few minutes 
to reverse them and the equivalent of a 
new trap is obtained. 

The trap is a continuous flow type. A 
deep water seal prevents loss of steam. 
A limit stop on the float lever prevents 
the elevation of the float beyond normal 
so that a sudden rush of condensate can- 
not damage the float by contact with the 
body. 

This trap is furnished in six capacities 
at given pressures. Two of the models 
are arranged for either vertical or 90 deg 
inlet connections, while the third is pro- 
vided for horizontal inlet and outlet con- 
nections from either side. 

The smallest of these traps weighs a 
little more than five pounds and will fit 
into small recesses. 


Air Bell for Gas Analysis 


This air bell has been designed by the 
Ellison Draft Gage Company, Chicago, 
to replace the rubber air bag on the Orsat 
type of gas enalyzers. It consists of a 
floating bell in a cup filled with water up 
to the bead. The weight of the bell pro- 
vides the necessary air pressure which is 
constant for the full range of the bell 
movement, approximately */, in. water 
head for the 50ml (cc), and 1 in for the 100 
ml analyzers. With this low air pressure, 
the speed of operation of the instrument 1s 
increased beyond that possible with air 
bags inflating the pressures several inches 
water head. 

Before beginning the test, and with the 
solutions standing at the rings in the 
capillary tubes, the bell is adjusted to 
stand even with the top of the cup or 
about 1/3 in. above the top, by holding the 
bell with one hand and with the other sliding 
the tubing over the single-point adapter. 
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To compensate for the contraction of 
the air volume in the bell by the solutions 
absorbing the oxygen, a clearance of 3/s 
in. is prévided at the bottom of the cup. 
The cup is held in place by a clip and is 
easily detached for filling and draining the 
water. 

The bell is connected with the solution 
containers with !/s in. bore rubber tubing, 
for which glycerine is furnished, the lubri- 














cant for rubber. The nipple adapters 
are recessed for rubber gaskets, an addi- 
tional supply of which is furnished with 
the analyzer. The bell assembly and 
fittings are made of brass, which is nickel 
plated. 


Light-Weight Refractory 
Concrete 


A new type of Firecrete for casting light- 
weight refractory concrete on the job has 
just been announced by Johns-Manville. 
Known as L. W. (light-weight) Firecrete, 
this new product is composed chiefly of high 
alumina clay calcined at high temperatures. 
The resulting concrete weighs only 75 Ib 
per cu ft. Under continuous operation at 
2400 F, shrinkage is said to be almost neg- 
ligible. It is 40 per cent lighter than fire- 
brick and has 40 per cent lower heat stor- 
age capacity. The new material is par- 
ticularly adapted for casting light-weight 
refractory shapes and for furnace doors 
and floors. It can be put in service after 
from 12 to 24 hr air curing. 


Impulse Steam Trap 


Yarnall-Waring Company, Philadel- 
phia, Pa., has just announced a unique 
steam trap, known as the Yarway Im- 
pulse Steam Trap, which is made in six 
sizes, 1/2, to 2 in., and is little larger than a 
pipe union—the */2 in. size weighing only 
11/3 lb. The body is made of cold rolled 
steel, the working parts of hard monel, the 
bonnet and cap of brass. Each trap is 
factory-set to operate at pressures from 
0 to 400 lb per sq in. 

The trap depends for its operation on 
the difference in flow characteristics of 
cold water, hot water and live steam, 
flowing through two orifices with a cham- 
ber between. There is only one moving 
part, the valve disk itself, shown in sec- 


tion view below. Movement of this 
valve disk is governed by variations in 
pressure in space: above the valve piston 
called the control chamber. These changes 
in pressure occur with changes in tem- 
perature of condensate ranging from cold 
water to water at steam temperature. 
When handling cold water, the pressure 
under the valve piston (inlet side of trap) 
is greater than the reduced pressure in the 
control chamber above the piston, the 
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clearance between piston and cylinder 
acting as the first orifice, and the valve 
opens to allow free discharge of conden- 
sate. As the accumulation of cold con- 
densate disappears the remaining conden- 
sate approaches steam temperature, flash- 
ing takes place in the control orifice in the 
center of valve disk, the flow is choked 
and the pressure in the control chamber 
builds up to close the valve. 
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YARWAY SEATLESS BLOW-OFF VALVES 
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ERNST High Pressure 
GAGE GLASS 





GASKETS 
GAGE GLASSES 


for highest pressures 


ERNST “Clear Vision” 
Gage Glass GUARDS 
Safety at All Pressures 


Write for Catalog C gERNST WATER COLUMN & & GAGE Cco., Newark, N.J. Otiuet in Principal Cities 





TRY COCKS 
**‘LEAKLESS T YPE”’’ 












SPLIT-GLAND ~~ 
GAGES HAVE 


GAGE cLass™ 
PACKING NUTS 


/ ROUND GLASSES FOR 1000 LBS. 


ERNST “SPLIT-GLAND” 


ADJUSTABLE WATER GAGES, VERTICAL or INCLINED 
COLUMNS & TRY COCKS FOR PRESSURES UP TO 2()00) LBs. 
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EQUIPMENT SALES 


- ‘a: C T u 1 N I TE Boiler, Stoker, Pulverized Fuel 


As reported by equipment manufacturers of the 
Department of Commerce, Bureau of the Census 





Boiler Sales 


Orders for 98 water-tube and h.r.t. boilers were placed in 





Number Square Feet 
July 1935 98 320,969 
July 1934 224,790 
z January to July (inclusive, 1935) 1,842,677 
A MODERN type boiler tube of steel or rust-re- Same period, 1934 1,469,846 

sisting Toncan Iron, made from clean, flat-rolled 
metal formed cold to a perfect round and then welded 
; 2 i 193 

by the electric resistance method. NEW ORDERS, BY KIND, "July 1088 IN JULY — 935 
The weld is as strong as the wall. Diameter, concen- ’ 
tricity and wall thickness are absolutely uniform. eee “Number Square Feet Number Square Feet 
Inside and outside surfaces are smooth and free from Water Tee 38 153,952 59 269,575 
scabs, slivers and rolled-in scale. Tubes ‘are full- Horizontal return tubular.... 53 70,838 39 51,394 
normalize-annealed, soft, ductile and of uniform grain 91 224,790 98 320,969 
structure. Every tube is tested at pressures far in ex- | 
cess of code requirements. 
Because of these features, Electrunite Boiler Tubes make 
possible tighter joints with worth while savings in time ‘ 
and labor, and add to the safety and life of equipment. Mechanical Stoker Sales 
Made in a full range of sizes for fire-tube or water-tube ' 
boilers. Write for literature. Orders for 199 stokers, Class 4* totaling 43,294 hp were 


placed in July by 68 manufacturers 
STEEL AND TUBES, INC. 


WORLD'S LARGEST PRODUCER OF ELECTRICALLY WELDED TUBING pam " 
ire-tube Boilers Water-tube Boilers 

CLEVELAND « + « OHI ae posites on 
LA 0 O on Horsepower No. Horsepower 


SUBSIDIARY OF REPUBLIC STEEL CORPORATION July 1935 19,870 48 23,424 
July 1934. : 13 17,996 69 26,134 
January to July (inclusive, 1935).. : bre 92,418 298 119,837 
Same period, 1934 85,989 288 113,687 


A D V E i -_ I S E R ag * Capacity over 300 Ib of coal per hr. 


in this issue 














Installed under 











Pulverized Fuel Equipment Sales 


Orders for 10 pulverizers with a total capacity of 34,700 Ib 
Bayer Company, The per hr were placed in July 


C. O. Bartlett & Snow Company, The... STORAGE SYSTEM 


A 


Cochrane Corporation Pulverizers Water-tube Boilers 


—— 


Armstrong Machine Works 








Combustion Engineering Company, 
Second Cover, 6, 7 


Diamond Power Specialty Corporation... 4 
Ernst Water Column & Gage Company. . 
General Electric Company 


Total number 

No. for new boilers, 
furnaces and kilns 

No. for existing boilers } 
Total capacity Ib coal 
per hour for contract 
Total sq ft steam- 
generating surface 

Total lb steam per 

hour equivalent 


Globe Steel Tubes Company 
. July 1935 
Hays Corporation, The July 1934 
anuary 
- i 1 , 1935 - as ‘se vee es 
Ingersoll-Rand Company Guns gated, et i i 46,000 * 


National Aluminate Corporation 8 DIRECT FIRED OR UNIT SYSTEM 
Poole Foundry & Machine Company.... 35 “ 


Pulverizers Water-tube Boilers 


Reliance Gauge Column Compan ‘ - 
8 — July 1935......... 10 5 34,700 37,294 301,800 


Steel and Tubes, Inc July 1934 5 60,300 63.100 509,820 
, Jaret ysive: 1935). 62 24 289,760 52 293,353 2,606,580 
. inclusive, 1935). : re ,606, 

Strong, Carlisle & Hammond Company, Same period, 1934.. 48 14 312'910 271.575 2,654,520 


Fire-tube Boilers 











B. F. Sturtevant Company July 1935 
July 1934. 


i January to "July % 
Vulcan Soot Blower Corporation inclusive 1935)” 3 


: s iod, 1934.. 4 
Yarnall-Waring Company ame peri 














* Data not available. 
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